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E 7 HE feveral books I have publiſhed for the uſe of 
ſchools, and perſons who have not enjoyed a 
mathematical education, having met with a kind re- 
ception, my friends, particularly thoſe, who devote 
their whole attention to the inſtruction of youth, have 
often intreated me to compoſe a treatiſe on the Art of 
Meaſuring. This requeſt I have accordingiy complied 
with, and hope the work will be as kindly received, 
as my former publications; eſpecially as the reader 
will meet with ſeveral particulars here, not to be 
found in any other book on the ſame ſubject. 5 
Clearneſs and perſpicuity have always regulated my 
conduct in compoſitions of this kind. I well know, 
that elegance and conciſeneſs are eſteemed by ſcholars, 
as the principal beauties in mathematical diſquiſitions; 
and that, in proportion, as theſe more or leſs abound, 
the book is faid to be more or leſs valuable. But this 
treatiſe is intended to anſwer a very different purpoſe : 
It is deſigned to inſtruct thoſe, who are wholly un- 
acquainted with the mathematical ſciences, in the 
art of menſuration; and in order to accompliſh this 
valuable end, I have not ſcrupled to ſacrifice both. 
brevity and elegance. "Thoſe who have been employed 
in the inſtruction of youth, know, from painful expe- 
rtence, how difficult it is to make their pupils acquaint- 
ed with any branch of learning : their inſtructions 
muſt be often repeated, and even the moſt minute par- 
ticulars explained, before they can obtain the defired 
| A 2 In 
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In the ccurſe of my teaching, I obſerved, that the 
beſt books on menſuration required too much atten- 
tion for youth; that they abounded with difficultics 
they were unable to furmount ; and that ſome parts 
of them could not be underſtood, unlefs the ſcholar 
had previouily made a confiderable progreſs in geo- 
metry and algebra, or had recourſe to other writers, 
I ueſe difficulties continually occuring, I determined 
to draw up a manual for my oven uſe, in order to re- 
move theie obſtructions, and ſave myſelf the trouble 
of being perpetually engaged in — the ſame 
tuings. | | 

Lo ne to this, I have begun with a conciſe trea- 
tiſæ of decimal arithmetic, the extraction of the tquare 
and cube roots, and duodecimal arithmetic, or what 
is commonly called croſs multiplication. Theſe fun- 
damental rules I have endeavoured to lay down in the 


plaineſt manner; and I hope it will be found that I 
have not laboured in vain, | 


T he geometrical problems, uſeful in practical men- 


ſuration, are next conſidered with all the clearneſs poſ- 


ſible; and, I dare ſay, may be underſtood by a com- 
mon capacity, without any other affiftance.  _ 

The manner of meafuring or finding the area of 
ſuperficies follows : and every difficulty that might 
obſtruct the learner's progreſs is entirely removed; 
though at the ſame time the reaſons on which each 


rule is founded are given, where it was thought ne- 


ceſſary. 
Theſe principles are next applied to practice. The 


whole art of ſurveying, or meaſuring land is explain- 


ed, and, I hope, in fuch a manner, that every perſon 


may be able, with very littie attention, to take the 


dimenſions of a farm, or other parcel of land, plot 
it, and give the content in acres, roods, and perches. 
The methods made uſe of by artificers, as brick- 
layers, carpenters, glaziers, joiners, painters, plaſ- 
terers, &c. in meaſuring their works, are fully diſ- 


played by precepts and examples. I have here been 
very careful to ſhew the learner how he ſhould proceed 
in taking the dimenſions of theſe reſpective works, in 


order 


yery accurate proceſs. 


TRE AUTHOR's PREFACE. » 


order to guard him againſt errors which might other- 
wile creep into his calculations. | 

The menſuration of ſolids is next treated of; and I 
have been careful to inſert the method of meaſuring 
every ſpecies, neceſſary to be conſidered in a practi- 
cal treatiſe : for with regard ta thoſe of a higher 
kind, whoſe properties depend upon principles of a 


more abſtrat nature, I have thought proper to omit 


them entirely, as they are of no uſe in actual menſu- 
ration. - 1 2 
From theſe principles the practical rules are de- 


duced, and applied to thote arts that are more imme- 
diately neceſſary to be known. The methods uſed 


in gauging all kinds. of veſſels are explained in an 


eeaſy and familiar manner; and nothing omitted that 
is neceſſary to be known in that branch of the mathe- 


tics. | EZ 
| we. the menſuration of timber, ſtone, &c. I have 


been very full; becauſe it is an art of the utmoſt im- 
portance to be thoroughly known ; the common me- 
thods being ſubject to ſuch a variety of errors, that 
unleſs a perfon is well ſkilled in the fundamental prin- 
ciples, he is in danger of ſelling his-timber at almoſt- 
one fourth leſs than its real value. 233 

I well know, that the common method of meafur-- 
ing by the girt, however. falſe it may be in itſelf, is not- 
to be eradicated by reaſon and demonſtration : nor 
have I attempted. it; but I have ſhewn the learner 
how he may take his dimenſions, even en the com- 
mon principles, in ſuch a manner, as to avoid the 
errors that reſult from ignorance and confidence. I. 
have alſo laid down an eaſy method for the con- 


ſtruction of tables uſeful in meaſuring timber; ſo 


that any perſon may eaſily compute a ſet of tables 
for his own uſe, or examine thoſe inſerted in other. 
books. . | 

I have alſo explained the beſt methods for meaſar- 
ing ſtanding timber: and likewiſe how to find the ton- 
nage of ſhips, both by the common rules, and by a: 
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The manner of meaſuring ſawyer's work is next 
fully explained; the errors attending the common 
practice pointed out, and a more accurate method ſub- 
Kituted in its room. . 

To theſe I have added the methods purſued in 
finding the contents of goods ſent by ſea, which pay 
freight by the cubic foot; in meafuring cord-wood, 
marle-pits, hay-ricks, ſtatues, and ether irregular 

ICs, ; 5 

Such is the ſubſtance of the following treatiſe; how 
it may be received by the public — 45 left to time, 
the great diſcoverer of all events. I have aſſiduouſſy 
laboured to render it a plain, eaſy, and uſeful intro- 
duction to the art of meaſuring ; and if in endeavour- 
ing to execute this intention, 1 have ſometimes over- 
done it, and uſed more words and figures than were 
abſolutely neceſſary, I am ſure the candid and ingeny- 
ous will readily forgive me, as the fault flowed entire- 
ly from an earneſt folicitude to render the work more 
uſeful to learners, 7 

Errors, no doubt, may be found in this treatiſe 
but I hope there are none that will impede the progreſs 
| of the reader. And with regard te the typographical 

| faults of the preſs, I preſume they will be forgiven, as | 
they are common to all books, eſpecially thoſe which 
[| treat of mathematical ſubjects. | | | 
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HE immature death of the author preventing 
him from putting the laſt hand to this treatiſe, 

the papers were ſent to me, with a requeſt that I ſhould 
reviſe the whole, and complete the parts that remain- 
ed unfiniſhed. Upon looking over the manuſcript I 


found, that very few alterations were neceſſary, but 


that feveral of the chapters wanted conſiderable addi- 
tions; and that ſome particulars were ſtil] wanting to 


render it a complete treatiſe of menfuration. I have 


therefore ſupplied theſe defects, and endeavoured to 
imitate the author's ſtyle and manner as near as poſſi- 


ble. If I have been happy enough to ſacceed, I can 


venture to ſay, that the book will anſwer the moſt ſan- 


pn expectations of the public; for the rules given 


y the author are delivered in fo plain and eaſy a man- 
ner, that a perſon even of the meaneſt capacity may 
eaſily comprehend them, and with very little trouble 
become an expert meaſurer. 


It will alſo be of the utmoſt uſe in ſchools, as it will 


ſave the maſter the trouble of being perpetually en- 
d in explaining obſcure paſſages, too often found 
in other authors; and the ſcholar the painful vexation 


of ſtudying rules, he is not qualified to comprehend. 


Nor are its uſes confined to ſchools ; private gentle- 
men and others, who are deſirous of ſurveying their 
own eſtates, meaſuring their buildings, their timber, 
&c. will find this treatiſe a very uſeful companion ; 


as it will remove every difficulty that might otherwiſe 
obſtruct their deſign, and point out the beſt methods 
— proceeding in any particular they may deſire to 
know 


Such youths as have not enjoyed the happineſs of 


being inſtructed at ſchool in this uſeful branch of 
Ee: | 1 learning, 
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learning, may, by the aſſiſtance of this treatiſe, and a 
little cloſe application, obtain, by their own aſſiduity, 
what their ſituation in life had denied them. And even 
thoſe, whohavefor ſome years been engaged in the prac- 
tical branches of menſuration, will probably find ſe- 
veral particulars in this work, deſerving their atten- 
tion; and which they may practiſe with credit to them- 
ſelves, and advantage to their employers. oy 
I muſt not conclude this preface without acknow- 

ledging, that the conſtruction and uſe of the plain ſcale 
was added at the requeſt of a very ingenious * 
man, who well deſerves the thanks of the public, for 
the number of ſcholars he has brought up, many of 
whom are now ſome of the brighteſt ornaments of 
ſociety. | | 
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ADVERTISEMENT 
SECOND EDITION. 


E © IHE Editor might juſtly be charged with ingra- 

titude, did he not with pleaſure take this op- 
portunity of returning his thanks to the public, for. 
the very favourable reception they have given to'the 
firſt edition of this work. At the ſame time he begs 
leave to aſſure them, that he has endeavoured ſtill fur- 
ther to merit their good opinion, by rendering this 
edition more complete than the former, partly by cor- 
recting the errors that had unavoidably as him, 
partly by inſerting in it, page 97, &c. a more full and 
accurate method of meaſuring heights and diſtances, 
than that which was given in the firſt impreſſion. 
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INTRODUCTION. 


"CHAF..L 


Between PRHILO, a Maſter ar Tutor, and DrscipuLi vs, 
a Scholar; concerning The Rudiments of Decimal Arith- 
 mMetic, | | | 1 


Nie bul. W.I LL you permit me, dear Sir, 


| | to aſk you a favour? All my ac- 
uaintance are fo pleated with the great progreſs 
yro and Tyrunculus have made in tae moſt uſeful 


| * of learning, by your judicious inſtructions, that 


could not be eaſy till I came to beg you will be kind 


enough to take me under your care, and make me 2c- 


2 with the art of meaſuring, which 1 have for 
ome time deſired to underitand. 98 5 

Phils. You are fincerely welcome, Diſcipulus. It 
gives me the greateſt pleaſure to ſee youths deſirous ot 
improving their minds, eſpecially in arts ſo abſo- 


lutely neceſſary for the happineſs of ſociety. But as [ 


know not, Diſcipulus, whether you are acquainted with 
Decimal Arithmetic, the Extraction of the Square and 


Cube Roots, and the ſhort methods of computation 


uſed, in meaſuring ſuperficies and ſolids; I ſhould be 
glad to be informed, how far you have proceeded in 


Arithmetic, that I may oy the proper foundations of 


that. 


On ney — oo oa ood 


” — 


— — 


* * — —— — . — rr —_ _— 
* 


they come from ſchool, are 


— Rn 
9 o 


— — — 


r - 4 


ii INTRODUCTION. 


that art, before I proceed to explain its rules; for 1 
hope you are already convinced, that no perſon can be 
properly faid to underſtand any art, till he is acquainted 
with the principles upon which it is founded. 

Dijc. I am, Sir, indeed thoroughly perſuaded of the 
truth of your obſervation; and have always thought, 
that the true reaſon why the 2 of boys, when 

o ignorant, add o ſoon 
forget all they have learned there, is, their having ne- 
ver been thoroughly inſtructed in the fundamental 


principles. With regard to myſelf, I am entirely ig- 


norant of Decimal Arithmetic, and the other rules you 
mentioned ; and therefore you will begin with the ru- 
-diments of the art, and I hope, by attentively liſtening 
to all your inſtructions, to gain a thorough knowledge 
of the art of meaſuring, which I have ſo long wiſhed 


to attain. 


Philo. There is no doubt, my dear Diſcipulus, of 
2 acquiring, in a ſhort time, this uſeful branch of 
carning: it depends upon a few principles, eaſy to be 
underitood, and extenſive in their application. I thall 
therefore, without any farther preface, proceed to the 


rudiments of Decimal Arithmetic, _ 
DIALOGUE II. 
Of the Nature and Properties of Decimals, er Decimal 
ß ©» 
Diſcipulus. HAT do vou mean by Decimals, or 


f Decimal Fratioas? 
Phils. In order to anſwer your queſtion, it will be 


neceilary to premiſe, that any thing, conſidered as one, 


is called an unit, or integer: As one pound, one yard, 
one gallon, &c. are all units of their reſpective kinds. 
But, at the ſame time, each may be conſidered as com- 


poſed of ſeveral leſſer quantities; and conſequently, 


theſe diviſions, whatever they arc, muſt be conſidered 
as parts of their reſpective units. I will endeavour to 
explain my meaning, by a very familiar example, You 


very well know that a yard is often divided into four 


guarters, and contains three feet, or thirty-ſix 3 
1 b 15 ou 


line being cal 


d' fferent appellations ? 
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You may therefore conſider a yard, though properly 
an unit or integer, as compoſed of three feet, or thirty- 
{ix inches; or any other number of equal parts, into 
which it niay be ſuppoſed to be divided. | Ft, 

Diſc. 1 think I underſtand your meaning ſufficiently. 
You vbſerved, that a gallon, or any other thing, con- 
{idered as a whole, is an integer. But I know that 
there are four quarts, or eight pints in a gallon ; and 
therefore the gallon may be confidered as compoſed of 
four quarts, or eight pints. 5 

Philo. You are very right, Diſcipulus. I am glad 
you ſo caſily e ee my meaning; and, for your 
encouragement, let me add, that I will endeavour to 
make the whole as caſy to you, as this leading princi- 


ple; attention and a good memory in the fcholar, be- 


ing all that is neceftary for attaining any art, when 
aſſiſted with proper inſtructions. | 
Diſc. You give me great encouragement, Sir, and 1 
will tincerely endeavour to fix all your rules and pre- 
cepts ſtrongly in my memory. But though I very well 
comprehend, that any integer or unit may be conſi- 
dered as made up of different parts, yet I do not know 
what you mean by decimals, or decimal fractions. 
Philo. You certainly do not; I am now going to 
explain, what is meant by decimal fractions. The 
parts, into which any integer or unit may be conceived 
to be divided, are called the fractions of that integer, 
Thus one inch is the one thirty-ſixth part of a vard, 
becauſe thirty- ſix inches make a yard, and is expreſſed 
in this manner 33. That is, the number of parts in- 
to which the unit, or r to be divided, 
is placed below the line, and the one, or inch above it. 
Diſc. How are the two numbers that compoſe the 
above fraction to be diſtinguiſhed, if they are called 


by the ſame name ? 


Philo. N have different names; that above the 
ed the numerator, and that below it, the 
denominator: i . | | 


71... 5 _» Numerator, 
I 36 Denominator. 


Diſc. Is there any reaſon for giving theſe numbers 
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Philo. Yes. The number placed under the line is 
called the denominator, becauje it thews or denomi- 
nates the number of parts, into which the unit or in- 
teger 1s divided; while the number above the line is 
termed the numerator, becauſe it expreſies the number 
of the fame parts that are contained in the fraction. 

Diſc. I thank you, Sir; I underitand you very well, 


as I ſuppoſe theſe names are gencral, and not confined 


to this particular fraction. 

Phila. You are very right, Diſcipulus. They are 
general-names; and Iwill now ſhew you how you may 
always know which is the numerator, and which is the 
denominator, by this general | 9785 

| . | 8 

The denominator is always the diviſor; the number 


of parts into which the integer is naturally divided, is 


the dividend; the number of the former contained in 
the latter, is the quotient, and the numerator is the 
remainder, after the diviſion is finiſne. 

Iwill illuſtrate this rule by an example. A yard is 
naturally divided into 36 inches; but ſuppoſe it were 
required to divide it into five parts: the work will 
Rand thus: | 

1 85 50 36 (7 


* 

And the anſwer will be 7 inches and]; (or one-fifth} 
of an inch. | 

Diſc. This is indeed very eaſy to be underſtood : 
but ſuppoſe there be no remainder, will there be no 


fraction? 


Philo. There will not, my dear Diſcipulus. The 
quotient then will expreſs the number of parts con- 
tained in each of thoſe into which the integer is ſup- 
poſed to be divided. Thus ſuppoſe the yard were 
to be divided into ſix equal parts, the Work will ſtand 


thus: | 
6) 36 (6 
Cs is 
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And as there is no remainder, there is no fraction; 
but the quotient ſhews, that 6 inches are contained in- 


each of the ſix parts, into which the yard is ſuppoſed to 
be divided. 7 


Diſc. I think I thoroughly underſtand your inftruc- 
tions in this particular. If a gallon were ſuppoſed 
to be divided into 3 parts, each of theſe parts would 
contain 2 pints and two-thirds of a pint; becauſe the 
diviſor is 3, the dividend 8, and the remainder 2. 

Phils, ir gives me great pleaſure that you fo readily 
comprehend my meaning. But I muſt inform you, 
that theſe are called vulgar fractions, and are very dif- 
ferent from decimals ; but it was neceſſary firſt to ex- 
plain the nature of fractions in genera], in order that 
thoſe of a particular kind may be the more eaſily un- 
derſtood. e | ; 

Diſc. Decimals are then only a particular. kind of 


fractions. Are they very different in their nature, and 


in what does this difference contilt ? 


Philo. They are very different from vulgar fractions, 


and managed with much greater eaſe and expedition: 


but the difference conſiſts wholly in the denominators, 


which are always 10, 100, 1000, 10000, &c. that is, 
the integer or unit is ſuppoſed to be divided into 10 
equal parts, and each of thoſe parts into ten others, 


&c. The integer being thus divided into 10, 100, 1000.,. 
10200, &c. equal parts, they become the denominators 


to decimal fractions. 
Diſc. This is very eaſy to be underſtood ;. but I 
ſhould be glad to know why they are called Decimals, 


or decimal fractions. 


Philo. They have their name from the Latin word 
Decem, which ſignifies ten, becauſe the denominators 


of decimals increaſe in a ten-fold proportion. 
Dijc. I thank you Sir, for this explanation: the 


original import of the word tends greatly to fix the idea 
it conveys more firmly in the memory. | 


Philo. You have made a very juſt obſervation, and 
you will pleaſe me by often aſking queſtions of this 
kind, as they might otherwiſe flip my memory, and 1 


would not have you ignorant of any thing that can 


give you ſatisfaction, in the courſe of your ſtudies. 


B z DI A- 


vi INTRODUCTION, 
DIALOGUE Ill. 
Of Notation of Decimals. 
Phib.T TAVING, I hope, given you a proper idea 
of the nature of fractions in general, and 

the properties of decimals in particular, 1 ſhall pro- 
ceed to the Notation of the latter. | 

Diſe. J am greatly obliged to you for your care and 
attention to remove every difficulty; and will, in re- 
turn, liſten with the utmoſt attention to cvery part of 
your inſtructions. | 

Philo. As the denominators of decimal fractions are 
always known, it is unneceliary to tut them down, and 
accordingly the numerators only are expreſſed; but they 
are ſeparated from the whole numbers by a point or 
comma. js 
3 5. 4, is 5755 0.7, is 1; 35.05, is 35 We, 

But perhaps you will conceive a better idea of theſe 
fractions from the following table, which fhews the 
very foundation of decimals; and therefore deſerves to 
be very attentively conſidered. 5 


7 | | | 
f 5 43210 12345 6 
E ASF FFF 
f LEE 8832287 
| EE SLE EE EE ES 
1 2 * B % 
L 222 3 | 
| N 22 e 2 225 1 
E — 2 2 S ö 
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3 © 2 y 2 822 5 
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Diſe. 1 will endeavour to underſtand this table, if 


you will be kind enough to explain it. 


Phils. That I will moſt readily. This table is in- 
tended to ſhew, That, as ia the whole numbers, every 
degree frem the unit's place ihcreaſes towards the lett 
and, by a ten-fold proportion: fo in decimal parts, 
every degree is decreaſed towards the right hand by the 
tame proportion, namely by tens. 

Diſc. This appears very plain: and I think I per- 
ceĩvè the reaſon why you called 35.05, where the cypher 


follows the point of ſeparation, 35.5%. becaute the 
5 is by the cypher removed into the decimal parts of 


a hundred. | 
Phils. You are extremely right; and here you ſce 


the reaſon why cyphers, which placed on the left fide 


of numbers are of no fignification, are very different 
when placed on the left ſide of decimals. And on the 


contrary, when cyphers are placed on the right hand. 


oKnumbers, they increaſe their value in a ten-fold 
propdrtion; but when placed to the right of decimals, 
they are of no ſignification. This will be ſufficiently 
explained by a ſingle example. Thus . ooo fignifes 


only two parts of ten thouſand ; whereas. without the 


cyphers it would have ſignified 2 tenths. On the con- 
trary, the cyphers placed on the right hand of the 
whole numbers increaſe their value in a ten- fold pro- 
portion; for 2000, is two thouſand ; that is, the value 
of the figure is increaſed from two to two thouſand 
by the addition of three cyphers: whereas . zcoo, ſig- 
nifies only two tenths, being of the ſame value either 
with or without the cyphers : 


Die. You are extreamly kind in being fo very ex- 


plicit in your inſtructions. Is there any thing farther 


to be obſerved in the preceding table? 
Phils. Yes, my dear Diſcipulus. You may obſerve, 


that all whole numbers are in effect nothing more than 


decimal parts to one another. For in any rank or ſe- 


ries of cqual numbers, as 666, the ſecond 6 towards 
the left hand is ten times the value of the next 6 in 
the laſt place, or on the right hand of it, and but the 
tenth part of the 6 on the left. Either of them, there- 


fore, may be taken as integers, or parts of an integey. 


If integers, they muſt be ſet down without a ſeparat- 
| 5 | B 4 ing 


N 
| 
N 
| 
1 
4 
| 
[ 
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ing point between them, thus 666, But if they are 
partly . and partly decimals, a ſeparating point 
muſt be placed between them, as 66.6, or 6.66. In 
the former the value is 66 and 6 tenths ; in the latter, 
6 and ſixty- ſix hundred parts of an unit. But they 
are ſtill in a ten- fold proportion to one another. : 

From theſe obſervations, compared with the pre- 
ceding table, it will be eaſy to conceive, that decimal 
parts take their denomination from the place of the 
laſt figure: that is, .5 is 76, .56, is 186, .050, is 1828. 
That .5 is five tenths, .og is five parts of a hun- 
dred, .oog, is five parts of a thouſand, .coog, is five 
parts of ten thouſand, &c. | 

Diſc. I think you have made every particular ex- 
tremely plain, and I will take care to imprint your in- 
ſtructions in my memory. 


DIALOGUE iv. 
Reduction of Decimals. 
Diſcipulus. XXV HAT do you mean by Reductien of 


| Decimals ? 

Philo. Reduction is the rule, by which any vulgar 
fraction is reduced or changed into a decimal of equal 
value; or the value of a decimal, in the known parts 
of coin, weight, meafure, &c. is diſcovered. I ſhall 
begin with the firft, wiz. the method of reducing a 
vulgar fraction into a decimal of the fame value, and 
then proceed to explain the manner of finding the va- 
lue ef any decimal fraction. e 


I. To reduce a Vulgar Fraction inte a Decimal. 
Thi part of Reduction is perförmed by the follow- 
ing gencral 8 | 

| RuLE. 


Add cyphers at pleaſure to the numerator, and di- 
vide by the denominator; the quotient will be the de- 
cCimal equivalent in value to the given vulgar fraction, 
obſerving to prick off as many figures in the quotient, 
as you added cyphers to the numerator. 


Ex- 
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EXAMPLES. 


dos 1 2 into a decimal. 
2) 10 (5 


In the ſame manner +4 will be found FO to 125, 
| z equal to .75, and a to .625, 


n 


5 Reduce 4 into an equivalent decimal. 
506) 9.00000000 (. 1607 1428 
- 
340 
336 


— — — 


** 400 


* 
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Reduce , into an equivalent decimal. 


17) 6.0000 (.3529 
Yi 


Di. I ſee no difficulty in performing theſe opera- 
tions; but may it not ſometimes happen, that there 
are fewer figures in the quotient, than there are cyphers 
added to the dividend ? 1 5 5 

Philo. Ves, this is often the caſe: but whenever it 
happens, a cypher, or cyphers muſt be placed on the 
left hand of the firſt figure; there being a neceſſity that 
the figures, with cyphers if neceſſarily prefixed, ſhauld 
be <qual in number, to the cyphers added to the nu- 
ncgor in the dividend, I will give you an example 
of this kind, | | 


Let it be required to reduce , to an equivalent de- 
cimal. 1 85 
16) 1.0000 (. 0625 
95 . * 


- 40 
32 


0 
80 


You 
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You obſerve that in the quotient there are only three 
figures, whereas four cyphers are added in the dividend; 
I therefore prefix a cypher before the fix, and the deci- 
mal required is . 0625. 

Diſc. 1 am greatly obliged to vou, Sir, and think I 
now underſtand this rule: but I ſhould be glad to know 
why there is often a remainder after the diviſion is 
finiſhed? | ; 

_ Philo. The remainder after the diviſion ſhews, that 
the decimal is not preciſely equal to the given vulgar 


fraction: but by continuing the diviſion, it may be 


carried to what degree of accuracy you pleaſe, though, 
in many caſes, it can never be exact.  _ | 

Diſc. I think I have heard thoſe, who are ſkilled in 
this part of arithmetic, mention circulating decimals; 
will you pleaſe to tell me, what they mean by this 
term? . | | | 

Phils. With all my heart, Diſcipulus. What is 
called circulating, or repeating decimals, are nothing 
more than a certain number of figures, which conſtantly 
return, as long as the diviſion is continued. An ex- 
ample or two will make this extremely plain. | 


Let it be required, to reduce I into an equivalent 


decimal. | : 
13) 1.000000, &c. (.07692307692307, &c. 
91 ; | | 


= Here 
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Here you obſerve, that the figures .076923, are re- 
peated, and would continue to be again repe=ted if the 
diviſion were purſued. 


Let it be required to reduce 5 into an equivalent 
'. decimal, : 
4 © 6) 2.000, &c. (.333, &c. 
. 1 * %* r 


S lo 


— 


In this inſtance the repetend or circulating decimal 
= 3. 8 may be continued to any degree of accuracy 
ered, 4} 

Dic. This is very fatisfa&ory, Sir, and I ſhall al- 
ways take care, as ſoon as I perceive that the figures, 
in the quotient, return in the ſame order, not to pur- 
ſue the work any farther, as I plainly perceive they 
may be extended without the trouble of dividing. _ 
Philo. You are extremely right, Diſcipulus; and it 
ves me pleafure to find you are ſo attentive to my in- 

 ftrucitions: I will add, that if you continue the ſame 
aiiduity, you will ſoon become a complete meaſurer. 

Lee. I ſhould think myſelf undeſerving of your fa- 

wvours, if I did not endeavour to turn them to my own 
profit. I have indeed often heard the maſter blamed 
for the ſmall progreſs made by his ſcholars ; but am 
perluaded, the fault is generally more owing to the 
inactemtion of the latter, than to the want of aſſiduity 

in the former. | | 

14 Pil. J believe this is often the caſe.— But I ſhall 

| now ſhew you how to reduce any known parts of coin, 
| weights, meaſures, &c. into decimal parts. And to 

make this caly, you muſt obſerve the following 
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dy dividing the numerator by the denominator. 
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RuLE. 


Reduce the given parts of hoſe fenomi meaſures, 


&c. into a vulgar fraction, whoſe| denominator is the 
number of thoie 
and the given parts its numerator. | 

Let it, for inſtance, be required to reduce 16s. 6d, 


| to the decimal of a pound ſterling ? 


In order to folve this queſtion, you muſt reduce both 


the numerator and denominator into fix-pences, becauſe 
that is the loweſt denomination in the numerator. — 


Therefore 33 ſix-pences, which are equal to 16s. 6d. 
make the numerator ; and 40, the number of ſix-pences 
in a pound ſterling, the denominator; and then the 


queſtion will ſtand thus 43, and the decimal eaſily 


tound as before. 


40) 33.000 (.825. 
goo ** 
*100 
80 
200 
200 


Therefore. 825, is the decimal required. 


Ex AML E II. 


Let it be required to reduce 138. 4d. into the decimal 


of a pound ſterling. 85 
Here the 138. 4d. muſt be reduced into pence, and 
will make 160: but the pence in a pound ſterling are 


240; and therefore the vulgar fraction will be 228, or 


EF9 and the decimal .6666, C. AS YOu will eaſily find 


known parts contained in the integer, 


Ex- by 


* Ws — 3 
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ExAMPLE, III. 


Let it be required to reduce 3 inches to the decimal 
of a toot. 

Here the vulgar fraction is evidently 2, becauſe 
twelve inches make a foot; and 3, with cyphers an- 
nexed, divided by 12, gives . 25, the decimal required. 


ExamyLE IV. 


Reduce 7 inches i to the decimal of a foot. 

Here the nuwerator will be 31, there being 31 quar- 
ters in 74 inches; and the numerator 48; becaute 48 
quarters of an inch make a foot. Then zi divided by 
43 will give. 64583, &c. the decimal required. 


43) 31.00000 (.64583, &c. 
| e 
- 3 
192 
280 
1 


384 

* 160 

144 
16, &c. 


I hope. my dear Diſcipulus, you have attentively 
conſidered theſe examples, which I think ſufficient for 
the purpeſe : but as an exerciſe for you when alone, I 
ſhall add the following examples with their anſwers, 
leaving ths arithmetical operations to yourſelf. 


De- 
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Decimals of a Foot. 
„ oa083. 


— — 560416. 


O 08 Oer 


Sora 


11 
Decimals of a Pound Sterling. 


1 Farthing — is — . oi &c- 
2 TREE — .,002. 


$-. | m— oO. 
ALs0, 

106. 8d, — is — .533 &c. 

13: 10; 9375 


bac — 790625. 
44 TOS — 0927083. 


Theſe examples being well conſidered, and the ope- 
rations at large often performed, will render it extremely 


_ eaſy for you to reduce any known parts of an integer 


into decimal parts. 

Difc. 1 will carefully ſtudy theſe examples, and do 
not doubt of being ſoon maſter of the whole. But I 
would aſk one queſtion : it is this, whether the numera- 


tor and denominator muſt not always be reduced into 


the loweſt denomination of the — ? For inſtance, 


muſt not the 153. gd. 4. in one of the above examples, 


be reduced into farthings ? If fo, the vulgar fraction 


will ſtand thus 333, becauſe 759 farthings make 155. gad. 


and * farthings make a | pound, 
"Þ | Phila, 
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Philo. You are extremely right; and it gives me the 
higheſt pleaſure to find you fo readily comprehend my 
meaning. 1 ſhall therefore now proceed to the ſecond 
part of Reduction of Decimal F ractions, or that of 
finding their value. | 


II. Te find the Value of a Decimal in the known Parts of 
| Money, NMeigbits, Meajures, &c. 


This part of Reduction is nothing more than the 

converſe of the former, and is pertormed by the fol- 
lowing TEC 
| KYLE - 

Multiply the decimal by the next inferior denomina- 
tion, and prick off, from the product as many figures 
or cyphers, as there were figures, &c. in the given de- 
cCimal: multiply the figures ſo pricxcd off by the num 

ber of figures in the next infcrior denomination, and 

_ prick af the figures, &c. as before; proce: ding in this 
manner, till you arrive at the leaſt denomination. 
Then are the figures cut off on the left hand equivalent 
to the given decimal. | = 


| EXAMPL E s. 
What is the value of 0.825 decimals of a pound 
Rterling ? | | 


OPERATION. 
c. 825 c 


20 Shillings in a Pound. 


— 


: Shillings 16.500 ” 
| | 12 Pence in a Shilling. 


- 


Pence 6.000 
Anſwer 16s. 6d. 


Here you obſerve, that I multiply the given decimal 
0.826, by 20, becauſe 20 ſhillings make a pound, and 
prick off three decimals in the product; and the an- 
ſwer is 16 ſhillings, and. 500 decimal parts, which being 
multiplied by 12, the number of pence in a ulling, 
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and three decimals pricked off, the anſwer will be fix- 
Had the decimals remaining been figures in- 
Read © of cyphers, they muſt have been multiplied by 4, 
the number of farthings in a penny ; but as the cy- 
phers are of no value, the queſtion is finiſhed, and 
16s, 6d. the true value of the given decimal. 
Let it be required to find the value of 0.7471, de- 
——_ parts of a pound. 


OPERATION. 


0. 7471 
20 


14.9420 
il 


11,3040 
4 
— — 
1.2160 
Anſwer 14s. 113d. nearly. 


What is the value of 0.74722 — parts of a 
pound, troy weight? 
OPERATTON. 


0.74722 | 
12 Qunces in a Sad Troy. 


8.96564 
20 bans Ghai axed in an ounce; 


19.332900 

| 24 Grains in a e e 
133120 
66560 


7.98720 | 
Anſwer 8 ounces, 19 penny-wts. 8 grains nearly. 


Diſc. Why do you ſay 8 grains nearly, when there 
is wy 7 * off, in the place of grains ? 


Phils. ives me pleaſure you have taken notice of 


I | inten ed to have explained the reaſon why I 


made. 


—— — 


—— 42 co — 


. 66 
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tions, and ſhould 
examples, that I may, by practice, become perfect in 


Rerling ? 


Wii INTRODUCTION. 

made it 8 inftead of 7 grains in the anſwer. In order 
to this you muſt obierve, that though only 7 is ſe- 
parated, there {till remains a large decimal, amounting 


to more than 9g tenths of another grain: conſequently 


8 grains is much nearer the truth than 7. 

Diſc. I thank you, Sir, and find that the real value 
of 2 decimal cannot be found, till the decimal, after 
multiplication, becomes a cypher or cyphers. 

Philo. Extremely right: and you will obferve, that 


in the queſtion preceding the laſt, the value of the 


given decimal is not aceurately found: but as the de- 


cimal after the laſt operation is little more than two 


tenths, or one fifth of a farthing, it is of too liitle 
conlequence to be regarded, 

Diſc. I ſhall ey carefully attend to your inſtruc- 

e obliged to you for a few more 


this part of decimal arithmetic, as I perceive already, 
it is of the utmoſt conſequence to be well underſtood. 
Philo, I will very readily give you other examples; 


and in order to render them of more advantage, ſhall 
only give the anſwers. „ 


What is the value of 0.0cg; decimal parts of a pound 


Anſwer, 2 4 d. 
What is the value of 0.0428 of a pound ſterling? 
Anſwer, 1o 14. 
What is the value of 0.87708 of a pound ſterling? 
Anſwer, 17s. 62d. 
What is the value of 0.87628 of a pound Troy ? 
| Anſwer, 100Z. io puts. 7 grs. 
What is the value of 0.798645 of a hundred weight. 


avoirdupoiſe? 


Anſwer, 3qrs. 5 lb. 702. 
What is the value of 2.9595 of a foot? 
Anſwer, 11 inches and 2 qrs. 


3 
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DIALOGUE V. Ser. I. 
„ Addition of Decimals. 
Phils. J Hope, my dear Diſcipulus, you are now maſ- 
I ter of the queſtions I gave you at our laſt mect- 
ing, and therefore ſhall now procecd to Addition of 
Decimals, which is performed by the following 
RuLE. 
det down the numbers propoſed to be added, in ſuch 


a manner, that thoſe of the fame value may ſtand di- 


rectly under each other, whether they be mixed num- 
bers, or decimal parts; which may be very eaſily done, 
if you place the ſeparating points in every line under 
one another, Then, add Gow as if they were all whole 
numbers, ſeparating from the ſum as many figures, &c, 
as there are decimals in the greateſt of the given ex- 
preſũuons. 

„ EXAMPLES. 


— — 


419.24 the ſum required. | 


45-07 
50.758 | 
123.0057 
75.702 
24.8 


319.3357 Anſwer. 


574.678953 + 

9579643 

78.0546 
54-789 
8.9 


8 12.218983 Anſwer. 


= 1.957642. 


r = er row - 
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1.975642. 
745257 
oo0 598 
8007 
64053 


* 162727 / Anſwer. 


Diſc. If all the rules of decimal arithmetic, be at- 


tended with no more difficulty than this of Addition, 


I hope ſoon to be maſter of that uſeful method of com- 
putation : for I obſerve, that the only caution neceſ- 
fary, is to place ſeparating points directly under one 
another ; the whole ſum being added, as in. common 
arithmetic, without any regard to the ſeparating points, 
till the operation is finiſhed, and then to feparate as 
many figures towards the right hand, as there are in the 
greateſt number. Thus in the firſt example, becauſe 
there are two decimals in the third line, two figures are 
ſeparated towards the right hand in the total. 

Philo. You are extremely right, Diſcipulus: and 
as there are no exceptions to this general rule, we wi 
proceed to the next in order. 


. BM. 
N SUBTRACTION. - 
This, like the former, is performed, in all reſpects, 
like Subtraction in whole numbers; and the rule re- 
ſpecting the points, and the number of figures to be 


| ſeparated in the remainder, are the ſame as before in 


Addition, A 
| EXAMPLES, 


From 74.918765 
Take 69.180714 


— 


Remains 5.732051 


From S. ioo 
Take 6.9718743z 


— EItnnn 


Remains 1. 1281327 


From 


From 28.007 
Take 6.98798012 


— 


Remains 21.01901 988 


From 77.38 160007 
Take 4.9812 


— 


— — 


Remains 72.40040007 


Diſc. This is indeed very plain; and I will endea- 
vour to imprint it in my mind by frequent practice. 

Philo. A very proper reſolution, Diſcipulus; for 
without practice it is impoſſible to become an expert 
arithmetician. Rules without practice are ſoon for- 


gotten, and errors are perpetually committed by thoſe 


who are not accuſtomed to operations. 
"KK CT. ML 
MUuLTIPLICATION. 
Multiplication of decimals is alſo performed in the 


ſame manner, as it is in whole numbers; but in order to 


find the true value of the product, you muſt obſerve 
the foilowing | | 
RULE. | | 
Separate as many figures towards the right hand in 
the product, as there are decimal parts in both the mul- 


tiphcand and multiplier added yn, N But if there 


are not ſo many places in the product, the defect muſt 
be ſupplied by cyphers on the left hand, A few 
| — 1 will ſufficiently explain this rule. 
| ExameLE I. 
123.024 
3.232 


* 


1 | 246048 
309072 

246048 

246048 


274-589568 
| Here 
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Here, becauſe there are three decimals in the multi- 
plicand, and three in the multiplier, I ſeparate fix hgures 


towards the right hand in the product. 


EXAMPLE II. 1 =P 


3684.7928 
84.216 


— — x 


221087568 
36847928 
73695856 
147391712 
294783424 


G Sth. Ah _ SME ba no 
1 


30318. 5 104448 
EXAMUPLIE III. 
2365 
3 


| 118235 
7095 
9400 
4739 


l 
[ 
: 
: 
: 
} 
: 


_ 
— 


05755775 7 

In the laſt example you will obſerve, that there are 
four places of decimals in the multiplicand, and the ſame 
number in the multiplier, therefore eight places muſt 
be ſepurated in the product; but as there are but. ſeven, 
acy = is added on the left hand to make up the number. 
Die. J hope I thoroughly underſtand your meaning; 
but thould be glad to know the reaſon for placing the 
cypher on the Teft hand of the product. 
Philo. The reaſon is extremely plain: any number 
multiplicd by a fraction, or what is leſs than a unit, 
| will be lets atter the operation than before. Thus, if 
I! 25 be multiplied by .5 or one half; the product will 
be only 12.5, or 12 and a half, and it 25 were to be 
multiplied by. og, the product would be no more than 
N 1.25, or one and a quarter. But in the above example 
both the multiplier and multiplicand are leſs than _; 


* — — — —— ——— — — — 


J conſequently they muſt produce 4 number much 
| is than unity. This will plainly appear from the fol- 
owing Is OO OS | 
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+0347 
.02.36 


2082 
1041 
694 


as 


— 


00081392 


Here the places in the product are only five, whereas 
there are eight decimals in the multiplicand and multi- 
plier; three cyphers are therefore added to fupply the 
deſect. | 

I hall add the following examples as an exerciſe to 
theſe rules, and hope you will carefully perform the 
operations. f e 


EXAMPLES. 


_ 


. Multiply 57.056, by 0.778. Anſwer 44.289568. 
. Multiply 7.6543, by 5. 4246. Anſ. 41.52151578. 
3. Multiply 0.56879, by 0.05674. 
Anſwer 0,0322731446. 
4. Multiply 0.03246, by 0.02364. * 
| : Anſwer 0.0007673544. 
5. Multiply 87649, by 0.03687. Anf. 3231.61863. 
. Multiply 94.3576, by 6.57869. | - 
Anſwer 620.75 11100034. 
7. Multiply 3.141592, by 52.7438. fe 
Anſwer 165.6995001296, 


a 


— 


Diſe. You are very kind, Sir, and as you have al- 
ready explained the manner of pricking off the deci- 
mals, I thall be very ſoon able to work the above 
queſtions at large. I obſerve, that in the fifth example, 
tne multiplicand is entirely compoſed of whole num- 
ders, and the multiplier wholly of decimals. The 
operation I perceive is however the ſame, becauſe you 


have 
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have ſeparated five places on the right hand, the num- 
ber of decimals contained in the multiplier. . 

Philo. You have made a very juſt obſervation, Diſ- 
cipulus. It gives me great pleaſure to find that you re- 
tain the rules ſo firmly in your memory. They are 
indeed very eaſy, and therefore I have not ſo often re- 
peated them, as I may perhaps think neceſſary here- 
after. But you will at preſent obſerve, that in multi- 
plying decimals by decimals, or where there are ſeveral 
places of decimals, there are often many more decimals 
than are neceſſary in the product. For in Practice three 
or four places of decimals are generally ſufficient ; and 
a greater number is troubleſome and unneceſtary. I ſhall 
therefore ſhew you the proper method of proceeding in 
cafes of this nature; by which means great part of the 
labour will be faved, and yet the queſtion be anſwered 
_ ſufficiently accurate. This uſeful contraction is per- 
formed by the following f 


KULE 


Set the unit's place of the multiplier directly under 
that figure in the multiplicand, whoſe place you in- 
tend to keep 1a the product; and invert the order of 
all its places x that is, write the decimals on the left, 
and the integers, if any, on the right. | 

Then, in multiplying, omit all the figures placed, 
in the multiplicand, to the right of the digit, with 
which you begin the operation, and let the right hand 
place of every line ſtand under each other, 

But be ſure to remember, that the firſt figure in each 
line of the operation be increaſed by the carriage, 
which would ariſe from the places omitted ; that 1s, 
carrying 1 from 5 to 15; 2 from 15 to 25; 3 from 25 
to 35, &c. inſtead of carrying one for every ten, &c. 
wal the ſum of theſe lines will give the product ge- 
nerally exact. | „ . 

A | fe examples will make this rule very eaſy, if 

you take care to imprint it in your memory. 


ExameLE I. 


Let it be required to multiply 3. 141592 by 52.7438; 
and let there be only four decimal parts — the product. 
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Theſe numbers, according to the above rule, muſt 
be placed thus: | 
3-141592 The multiplicand, in its natural order. 
8347.25 The multiplier inverted. 
1570796 The prod. by 5, with carriage of 5 times 2. 
62832 The prod. by 2, with carriage of g times 2. 
21991 Product by 7, with its proper increaſe, 
1257 Prod. by 4, &c. — 


4 Prod. by 3, &c. 
2 Pal Wk ic 


165-6995 The true product required. | 


The reaſon of this contraction will be very ob- 
vious from the whole operation being wrought at large, 
in the following manner, 


3.141592 : 
52.7438 
| 251132730 
94124776 
9 | 125616368 
219911144 
62831084 
2228 
| 165. 59960 1290 
From this example it is evident, that all the figures 
on the right hand of the line through the operation 
are omitted in the former contracted method; and that 
the laſt ſingle product here, is the firſt there; though 
the reſult is equal in both as far as four decimal places. 
You will alſo obſerve, that becauſe four decimal 
places * —_ be kept, the multiplier 2, is placed 


under 5 
cand. 


Ex AMG̈⁵ Lz II., 


Decimal Places be kept in the Product. 


o 


CT - Sadr 


fourth place in decimals in the multipli- 


Muleiply 384.672158 by 36.8 3645; and let only four 


| 
| 
| 
| 
| 
| 


—— — — 


—— 


no 


—— — ts 
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-284.672158 Multiplicand. 
4638.63 Multiplier inverted. 
115301647 MS, 
23080329 
3977377 
115402 
15387 
1924 
14169. 2056 Product required. 


ner, it would have ſtood thus: 5 
384.6672158 


1923360790 
1538688632 
115401]6174 
3977377; 204 
23080329148 
_ 11540161714 
14169. 20660385 10 


Di ſcipulus. 1 think, Sir, I underſtand your meaning; 
but if you will pleaſe to work over one or two of the 
firſt figures in the multiplier, it will perhaps render it 
ſtill plainer. | | 

Philo, With all my heart, Diſcipulus. I ſhall be al- 
ways ready to remove every difficulty that may in the 
leaſt retard your progreſs. | 
We will begin with the firſt line; where J ſay, 3 times 
$ is 24, and carry 2; 3 times 5 is 15 and 2 is 17, now 
ſet down 7 and c 1, &c. becauſe this is the product 
ariſing from the multiplication of the 5 that ſtands over 
the 3, the other being omitted as of no value, but to know 
what is to be carried: the remaining part of the line is 
the ſame as in common multiplication. : 

In the ſecond line I ſay 6 times 8 is 48, and carry 5, 
becauſe greater than 45, otherwiſe only 4 muff have 


been carried; 6 times 5 is 30, and 5 is 35, carry 3; 6 
times 1 is 6, and 3 is 9: Now being come to the figure 


| 2 


Had this queſtion been ſolved in the common man- 


INTRODUCTION. N 
In the third line I ſay, 8 times 5 is 40, and carry 4; 8 
times 1 is 8, and 4 is 12, and carry 1; 8 times 2 is 16, 
and 1 is 17: now 1 come to the figure over 8, ſet 
down 7, and carry 1, &c. In this manner I proceed 
with ny ___ in the inverted multiplier, till the whole 
h . T tremely obliged Sir, and 
ſcipulus. am ext. obliged to you, dir, an 
9 152 able to purſue your inſtructions without any 
farther difficulty. | | 
Philo. J hope you will, Diſcipulus ; but in order to 
aſſiſt you ftill farther, I will add a few examples, and 
where I think the leaſt difficulty occurs, I will add the 
work at large. | e 
| ExamyeLE III. | 
Let it be required to multiply 395.3758, by -75642, 
and reſerve only four decimal places in the product, : 


Contracted Operation. 
395-3758 


" ExamyeLe IV. 
Multiply 257.386 by 76.48, and reſerve only the entire 
Contracted Operation. 
- ="; RI | 
84.67 
18015 
1544 
103 
20 


29683 
a . Operation 


ws 
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Operation at large. 
257.386 
76.48 


2 58848 
102 | 


1544136 
18014 


19682.58688 
. a 
Division of DRCIMAIõò. O 
Philo. Having, my dear Diſcipulus, conducted you 


Ahrough the three firſt rules of decimals, I ſhall now 


proceed to Diviſion, the fourth rule, and indeed the moſt 
difficult of the whole; but it will ſoon be learned, if at- 


tention be not wanting. | 


: "©. I will promile to liſten attentively to your 
inſtructions, and as you have been ſo indulgent as to re- 
move even the appearance of difficulty, I make no doubt 
of being ſoon able to comprehend this rule, as well as 
the others. | 

Philo. I doubt it not, Diſcipulus ; nor ſhall the plaineſt 
inſtructions in my power be wanting for this purpoſe ; 
and in order to this, I ſhall firſt give a general rule for 


diſcovering the true value of the quotient figures. 


GENERAL RULE. 1 85 
The places of decimal parts in the diviſor and quo- 
tient, being counted together, mult be always equal 
in number to thoſe in the dividend. — 
This rule admits of four caſes. 


2 ASE I. ; 
When the places of decimals in the diviſor and 
dividend are equal, the quotient will be whole 
numbers, 


EXAMPLES. 


INTRODUCTION. xi#® 
EXAMPLES 
Divide 295.75. by 8.45. 
8.45) 295-75 (35 The anſwer.- 
#S 2535. 
4225 
4228 
Divide . 4368 by oog. 
. 078) 4368 (56 The anſwer, - 
390" 
468 
468 
Cassz II. 
When the places of decimal in the dividend © 


exceed thoſe in the diviſor, cut off the exceſs for decimal 


parts in the — 


Ex AupL zs. 
24-3) 780. 516 (32. 12: 
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436) 34246, 056 (78.546. 


CASE III. 
When there are not ſo many gh of decimals in the 
dividend as there are in the diviſor, annex cyphers to the 


dividend, to render them equal, and the quotient will 
be whole numbers, 


| EXAMPLES, 
Divide 192. 1 by 7.684. And 441 by .7875. 
7.684) 192. 100 (25 the quotient 2 
1858 
738420 | 
* 38420 


+7875) 441.0000 (560 
39375 


Cas: 
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CAa83 IV)... 


If after the diviſion is finiſhed, there are not fo many 
figures in the quotient as there ought to be places of de- 
cimals by the general rule, ſupply their defect by pre- 
fixing cyphers to it. | 


ExamMPLE I. 
Divide 7.25406, by 957 
957) 2.25406 (. 907 58. 
6699 0 | 
. 5 0 
776 | 
* 7656 
- 7656 | 


. 


Here you will obſerve, that the quotient is 758 ; but 
as —— five places of decimals in the dividend? and | 
none in the diviſor, five places muſt be pricked off in the 
* quotient. I therefore prefix two cyphers to the figures 5 


in the quotient, and it becomes. oo 58, the true anſwer, 


ExAMVYLE II. 
Divide 7183241, by 7. 2. 
7.2) 71832410 (. 0997672. 
648 292222 | 

= 


Diſcipulus. 
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Diſcipulus. You have made this rule very eaſy b 
dividing it into four Cafes, which would otherwiſe, 
perceive, have been very difficult. : . 

Pbilo. It gives me pleaſure to obſerve, that the method 
J have taken, has rendered this rule eaſy to be attained ; 
ef] — as it is the moſt difficult part of Decimal Arith- 
metic. I ſhall add a few examples, containing all the 
varieties that can poſſibly happen in diviſion of decimals, 
leaving the operations at large as an exerciſe. 


Let it be required to divide 49306.6, by 57.4. | 

| 1 859. 
Divide 493.066, by 574. No Anſwer, 8589. 
Divide 4930.66, by 5.74. Anſwer, 859. 
Divide 49. 3066, by 5.74. Anſwer, 8.59. 
Divide 493.066, by. 574. Anſwer, $5930. 
Divide 493.066, by. 0574. Anſwer, 8590. 
Divide .493066, by .0574.' © Anſwer, 8.59. 


Diſeipulus. I ſhall very ſoon be able to work theſe 
examplesat large; for I perceive, that the figures in both 
diyidend, diviſor, and quotient, are the ſame in all; 
and differ only in placing the points. 
Philo. They are all the ſame, and intended only to 
ſhew the different values of the ſame figures, when the 
points are put in different places; and which I hope 
you will carefully obſerve. | | 

In treating of Multiplication, I ſhewed you a method 
of contracting the work, by uſing no more figures than 
vwere neceſſary for finding the true value of the product 
to any given number of decimal places. I wiil no 
ſhew you how you may contract the work in Diviſion : 
and in order to this, it will be nece ſlary to obſerve the 
following 
Ru L E. 


Let each remainder be a new dividend, and for each of 
_ theſe new dividends, point off one figure ſrom the right 
hand of the diviſor ; obſerving at each multiplication, 


to have regard to the increaſe of-the figures ſo cut off, 
as before in contracted multiplication. 5 


1 | | EXAMPLE 


2 


* 
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ExTAMP LE I. 
The Work contracted. 
7.9863) 70.2300. (8.7938 
; * 7, * 30 5 24 


The work at large. 


7.9863) 70.23000000 (8.7938 
| 638904 b'S & 5s | 1 


A 


I ſhall give two more examples, but without add- 


ing the work at large, thinking it entirely unneceſ- 


#7 RS EXAMPLE 


xxxiv INTRODUCTION. 
EXT AM II IL 
9. 355407) 2 076326 (9. 297655» 


# *®$ „ * 
| « Y 


OY 2759586 
Ew. 187308; 
| Ee 914582 


2.756756) 7414-76717 (2689.67118. 
r 
| 19012551 
165405 36 
24720157 a 
2204048 ” 
2666109 
2491080 
* 185029 
165405 _ 
19624 
19277 
9 6 
276 
*$1 | 
28 


23 
22 


—— ——u——— D— 
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Diſcipulus, I obſerve, Sir, that in the laſt example, 
the whole work is not contracted, but a partonly; will 
mu be kind enough to tell me the reaſon for that parti- 
cular. 

Phi!z, With all my heart: I made uſe of an example 
of that kind, that you might obſerve the difference. * 
When there are more figures than the divifor multiplied 
by the firſt quotient figure will extend to, they muſt be 
brought down, and the work continued in the common 
manner ; but after this, the work is performed in the 
ſame manner as in other examples. 

Diſcipulus. You have — removed this difficulty, 
Sir: But I ſhould be glad to know the reaſon for prick- 
ing off the decimals in all theſe contracted examples; I 
cannot reconcile it with the general rule. 

Philo. A very little confideration, and working the 
operations at large, would have ſuffictently removed this 
difficulty, which will immediately vaniſh when it is con- 
ſidered, that though there is no figure actually brought 
down; 1 a cypher is ſuppoſed to be added to each new 
dividend. n theſe are counted with the other de- 
cimals in the dividend, you will find the decimals in the 
quotient to agree exactly with the general rule. 

Diſci pulus. I thank you Sir; and now fee evidently 
the reaſons on which all the operations are founded. 


DIALOGUE v. S zer. I. 


Extraction of the SQUARE Root. 
Philo. LI AVING explained every thing neceſſary in 
" decimal arithmetic, I Mall now proceed to 
the extraction of the ſquare root, a rule neceſſary to be 
known by all who are deſirous of knowing the reaſons 
-on which many of the operations in practical meaſuring 
are founded. | | 

Di{cipulus. Pray what do you mean by extracting the 
Square Root? | . 

Phils. By extracting the Square Root, is meant, the 
finding ſuch a number, which being multiplied by itſelf, 
the Product ſhall be equal to the given number. Thus 
| ſuppoſe 16 the given — then will the ſquare m_ 


22 22 
— 2 
— ä— — — — 
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of that number be 4; becauſe 4 multiplied by itſelf will 
produce 16. In this operation the given number is ge- 


— 


nerally, called the reſolvend; and the root is extracted by 
the ſcllowing general | 


EO 
RuLe. 

1. Make a point over the place of units, and alſo over 
every ſecond place, counting from unit's, to the left 
hand, for integers, and to the right hand for decimals ; 
and the root will always conſiſt of as many figures, as 
there are points over the reſolvend. . Each figure thus 
pointed, and the next to it towards the left hand, is call- 
ed a period. | | | 
2. Seek the greateſt ſquare number in the left hand 
period, write the root in the quotient, and place the 
ſquare thereof under the period: ſubtract the ſquare out 


of the period, and to the remainder bring down the next 


period as in diviſion, which will form a dividend. 

3. Double the root, and place it to the left of the 
dividend, for a diviſor ; ſeek how often the diviſor js 
contained in the dividend, omitting its right hand place; 
write the reſult in the quotient, and alſo on the right of 
the diviſor. | GY | 1 

4. Multiply this increaſed diviſor by the laſt quotient 
figure: ſubtract the product from the dividend, and 
to the remainder bring down the next period for a new 
dividend ; double the laſt figure in the laſt diviſor, 
which with the other figure, or figures, will form a new 
divifor : divide with the ſame caution as before, and 
proceed in this manner till all the periods are finiſhed. 


A few examples will make this rule very eaſy. 


" ExameLs I. 
Let it be required to extract the ſquare root out of 
572199960721. „„ 
This refolvend being pointed as directed in the rule, 


will ſtand thus: 


— 


572199960721 | 


250 


® | 
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572199960721 (755439 


49, the greateſt ſquare in 57. 
1 Diviſor 145] 821 e 
Me Bo 
2 Div. 1506| 9699 
6] 9036 


3 Div. 15124] 66396 
44 50496 


4 Div. 57280 590007 
31 453849 
1512869] 13615821 ; 


13615821 


Thus is the whole operation finiſhed, and the root 
uired is 756439. | 5 
1 Vou have rendered the rule much plainer 
than I thought poſſible to be done by one example: 
but, as there are a great many figures, and the opera- 
tion ſomewhat tedious, it is very poſſible that ſome miſ- 
takes may be committed: Is there no way to prove the 
truth of the operation ? | | 
Phils. Yes, my dear Diſcipulus, there is a very eaſy 
method of proving all opefations of this kind. It con- 
fiſts in multiplying the root by itſelf, and adding the 
remainder, if any, and the product will give the- re- 
ſolvend. Thus if you multiply by itſelf 75643 the 
product, will be 572199960721, the given re —_ 


ExaMPLeE II. 
What is the ſquare root of 1850701.764025? 


— 


Oek RATIO. 


23] 85 
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Op ERAT ION. 
1850701. 764025 (1360. 405. 
1 3 

\/ 
69 


266 1670 


6] 1596 


27204 


1101.76 
1088 16 


4 


2720805] 1360402 5 


re 


89 * 


ExAMp⁵L E III. 


What is the ſquare root of 0.06076225 decimal parts- 


OPERATION. 


0.06076225 (0.2465, The root required. 
04 i 


. Lo 


2462 


Youwill obſerve, my dear Diſcipulus, that in all the 
above examples, the given reſolvends have been perfect 
ſquares; and therefore their roots have been extracted 
without any remainder : but it very often happens, 
that the reſolvend is not a true ſquare, and when that is 
the caſe, ſomething will remain after the extraction is 
tiniſhed. Nor can the roots of theſe numbers be ever 
accurately found, though you may approach infinitely 


near 
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e truth, by annexing as many periods of cyphers as 
— pleaſe to the reſolvend, and continuing the opera- 
tion as before. 


nnn TV: 


l. it be required to extract the ſquare root o 


Sl ln 
2 (83.4745, Kc. 
„ = _ 


7 7255 o 
6655 


15 
11225 
784275, &c. 
And in this manner may the operation be continued 


as far as you pleaſe; but the true root can never be ac- 
curately found. : 


ExamyeLE V. 
Extrad the ſpon root out of 763958207 163. 


OPERATION. 


nl 5x ITC OSDODION: 


8 OyrERATION. 
76395820716; (874047.927 
64 N 


167] 1239 
7] 1169 


174804] * 822071 
4] 699216 
1748087 12285563 
Fs 71 — 
174809402] * 4895400 
2] 349618804 - 
1748094047] 13992119600 
| 12236658329 
1755401271, &c. 1 


Theſe examples, which are all worked at large, will, 
I hope, be ſufficient to explain the method of extracti 
| the quare root out of any number; and therefore - 
{ ſhall only add the following examples, leaving the ope- 
£ rations as an exerciſe for you. 


EXAMPLES. 


bs What i is the ſquare root of 36372961 ? 
Anſwer 6031. 


2. What is the ſquare root of 24681024 ? 
— N 


3. What is the ſquare root of 1, 06 
An "IN 


4. What is the ſquare root of 911236798.794365 ? 
Anſwer 30186.699. 


5. -What is the ſquare root of 2990667969 ? 
Anſwer 54687. 
6. What is the ſquare root of 7 ? 
| Anſwer 2.6457131 106. 
4 W hat is the ſquare root of ,125 ? Anf. .3535. 


What is the * root of 422 ? Anf. . 084. 
1 hope 


INTRODUCTION. =tli 
I hope you will be very attentive in working the above 
examples ; becauſe it will render you a complete maſ- 


ter of this. uſeful rule. I ſhall now proceed to teach 
you the manner of extracting the cube root. | 


r 1 
EXTRACTION of the CUBE Roo r. 
iſcipulus. What do you mean by extraction of the 
cube root? | . | EOID 

Philo. By extraction of the cube root, is meant the 
finding ſuch a number, which being multiplied by itſelf, 
and then multiplied dy the above product, ſhall ucs 
the given number. I his is performed by the following 


RU Lx. | 


1. Make a point over the place of units, and alſo 
over every third place, counting to the left for integers, 
and to the right for. decimals; then will there be as 


many figures in the root, as there are points over the 


given number. 


2. Seek the greateſt cube in the firſt period, or that 


neareſt the left hand; write the root in the quotient, 


and the cube under the period; ſubtra the cube from 


the period; and to the remainder bring dawn the next 
period; call it the reſolvend, and draw a line under it. 
3. Under this reſolvend write the triple ſquare of the 
root, ſo that units in the latter may ſtand under the 
place of hundreds in the former; under this triple ſquare 
write the triple root removed one place towards the 
right; and the ſum of theſe two numbers call a diviſor, 
drawing a line under it. . 
4. Seek how often this diviſor may be had in the re- 


ſolvend, excepting its right hand place, and write the 


anſwer in the quotient. 


5. Under. the divifor write the produ& of the triple 


{quare of the root, by the laſt quotient figure, ſetting the 
units place of this line, under that of tens in the diviſor : 
under this line write the product of the triple root, by 
the ſquare of the quotient figure, placing this one 
pow yond the right of the former; and under this 
ne removed one place farther to the right, fet down: 

| . | | che 
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the cube of the laſt quotient figure : add theſe three 
lines together, and call! their ſum the ſubtrahend, draw- 


ing a line under it. 
6. Subtract the ſubtrahend from the reſolvend ; to 


the remainder bring down the next period for a new re- 
. ſolvend ; the diviſor to this muſt be the triple ſquare 
of all the quotient added to the triple thereof, and 


proceed in every other reſpect as before. 
Diſcipulus. This, Sir, is a very long rule, but I will 


endeavour to learn it with the 1 expedition. 
Philo. A little attention will be ſufficient for the pur- 


poſe; eſpecially after I have fully explained it, by a 
few examples. 


Ex AM p L E I. 


Let it be required to extract the cube ENS 
number 48228 544 ? 


8 
9 5 bets (36 Et. cube in 48. 


| E r eee 
27 7 Tie uare of the root . 
Add | 9 Triple . . 
279 Diviſor. 


"162 Triple ſquare of 3, multip by 6. ; 
Add 324 . e 33 multip. by ſquare 6. 
216 Cube 
19656 = 
1572544 Reſolvend. 
888 Triple ſquare of che root 6. 
Add 13 108 Triple of 36. . 


38988 Diviſor. 
oY 15552 Tripleſ mult. by 4. 
aus 1728 Triple o * m ap 2 
64 Cube of 4. 


1572544 Subtrahend. 


In the above example, the given number is a true 


cube; for * the laſt — is ſubtracted from 
| the 


Y 
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the laſt reſolvend, there will be no remainder : and the 
work may be proved by multiplying the root into itſelf, 
and that product again by the root, when the laſt pro- 
duct will be the ſame with the given number. See 
the work, | 


Di ſcipulus. I am greatly obliged to you, Sir, for per- 
forming this 3 ſo nap and /ſtuQivea man- 
ner: It has explained the rule you at firſt laid down in 
a very clear manner: and if you will indulge me with a 
few more examples, I make no doubt of being ſoon able 
to ſolveany queſtion in this rule. | 
Philo. I will readily give ou more e amples, and am 
Pleaſed to fee you are 12 overcoming every 
_ difficulty that may happen in the courſe of your 
practice; and be aſſured, that aſſiduity will eaſily fur- 
mount every thing that may appear at firſt intricate and 
troubleſome. 1 | 


ExamyeLtzs II. 
What is the cube root of 5735339? 


5735339 


vd (179 
4735 Reſolvend 
3 Triple ſquare of the root 1. 
Add} 3 Triple of 4. 
33 Diviſor. 


Add) 147 Triple of 7, multip. by ſquare of 7. 


21 Friple of 7, multip. by the root 1. 
343 Cube of 7. wb | 
3913 Subtrahend. 


822339 The new reſfolvend. 
| 867 The triple ſquare of root 17. 
Add} | 1 Triple of 17. f 
_ $721 Diviſor | 
7803 Triple of 17, multiplied by 9. 


7 


4131 Triple of 17, multip. by ſquare of 9g. 
de of „ 


729 The cu „ 
822339 Subtrahend. 


Theſe two examples will be ſufficient to direct you 
in the method of proceeding in the operation: but it 
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* 
* 


may be neceſſary to add ſeveral gigs with their 


wers, leaving the operations as an exerciſe. 


1. What is the cube root of 84604519 ? 
Anſwer 439. 1 
2. What is the cube root of 10927272 
Anſwer 103. | „ 
3. What is the cube root of 27054036008 ? 
Anſwer 3002. „ 
4. What is the cube root of 219365327791 ? 
Anſwer 6031. Wa” 
5. What is the cube root of 122615327232 ? 
Anſwer 4968. | | 


» 


In 
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In all the above queſtions the given number is a true 
cube; but when this is not the caſe, you muſt annex 


three cyphers to the right hand of the remainder, ang | 


roceed in the operation as before, and the remaining 
gures in the root WRn' be decimals ; as oy. * follow 
ing queſtions. | 


| 2 What i is the cube root of 259 17056 2 
Anſwer 295. | 
7. What is the cube root of 93759. 55 500 * 
Anſwer 45.42. 
8. What is the cube root of 67507824239 ? ? 
2 4 Anſwer 4071.8, . 


| When the true cube root of any . cannot be 
found, you muſt obſerve in proving the queſtion, to add 
the remainder to _ cube ret root, i * the ſum 
W1 equat to the num given, operation 
be rightly performed, F 


DIALOGUE VI. 


07 DuoptciMaLs ; Or, the art of F multi iphing Fer, 1 
IxcHESs, and Parts; pate" called CO MuL- | 
TIPLICATION. 


Difeipulus. HY do you call this' rule Duode- 
cimals 

Philo. Becauſe the unit or integer, is * into 12 
equal parts. And hence this way of computation is 
chiefly uſed among work men, in caſting up the contents 
of ſuperficial and ſolid works, the lineary dĩimenſions 
being generally taken in feet, inches and parts : 


BE CA Us E, 
1 Lineary foot is 12 inches. 
1 Inch is 8 or 12 Lineary parts. 
Alſo 1 Square foot is 144 inches. ; 
1 Square inch is 64 or 144 ſquare parts: 
And 1 Cubic foot is 1728 cubic inches, 
I Cubic inch 5 or 1728 cubic parts. 


C 


1 N. B. The 
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N. B. The difference in the parts, ariſes from con- 
ſidering the inch, as divided into g or 12 equal parts. 

Diſcrpulus. But might not all this trouble be ſaved 
by caking the linear dimenſions in feet, and decimal 
parts ofa foot? | 

Philo. Certainly it might, and the operation per- 
formed with much greater eaſe and accuracy: But cuſ- 
tom has prevailed; and the dimenſions are now gene- 


becauſe many take the dimenſions in feet and decim 
parts: but, as this is not commonly practiſed, I would 
not have you 22 of the uſual method of computa- 
tion, though the contents of any figure may be more 
eaſily found by decimals. 


tion in this particular; and am greatly obliged to you 
22 


for inſtructing me in the methods commonly 


as I know it is a very difficult taſk to convince ſuch per- 


ſons, that their method is not the beſt hitherto known. 
Phils. In order to remove every difficulty attending 
this method of multiplying feet, inches, and parts, it 


will be neceflary to oblerve, that ſome workmen take 


their dimenſions in feet, inches, and half quarters, or 
eighth parts : others take them in feet, inches and quar- 
ters, reckoning every quarter as three parts; fo that 
theſe actually follow the duodecimal ſcale; though 


they ſeldom take notice of any other parts of an inch, 


than 3, 6, or q, and give and take, as they call it, for the 
intermediate ones. This being obſerved, theoperation 
of multiplying feet, inches, &c. is — bo 


1. Under the multiplicand write the correſpondent 
denominations of the multiplier. 
2. Multiply each term in the multiplicand, begin- 


placing each reſult under its reſpective term, and re- 


lower denomination to its next ſuperior. 
3- Multiply in the ſame manner, all the multipli- 


rally taken in feet, inches, and parts. I ſay generally 


pulus, I thank you, Sir, for giving me ſatisfac- 


y this 


ning with the loweſt, by the feet in the multiplier; 


membering to carry an unit for every 12 from each 


tipl 
cand, by the inches in the multiplier ; and write the 


I reſult ' 
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reſult of each term, one place to the right hand of 
thoſe in the multiplicand. 

4. Work in the ſame manner with the parts in the 
multiplier, ſetting the reſult of each term removed two 
places to the right hand of thoſe in the multiplicand. 


And the ſum of theſe will give the product required. 
Ex Aur IZE I. 
Let it be required to multiply 10 feet, 4 inches, 
parts, by 7 feet, 8 inches, 6 parts. hs | N 4 


OPpERATIOR. 


"5. i” uy Ry 
10: 4: 5 Multiplicand. 
OY 8 2 6 Multiplier. 
_ C0 . --- 
6:: 10. $2 24 
E 


en Anſwer: 


ue product would have been the ſame, if the work 
had been begun with the loweſt name in the multi- 
plier; obſerving to place the reſults right, 
EXAMPLE 

10: 4: 5 Multiplicand. 
7:8: © Multiplier. 


X 2 „ 
A6 205 1154 
11 | 


79:11: 0: 6: 6 Anſwer. 


Here the anſwer is the ſame as before ; 'though the 
operation is begun in the ſame manner as in common 
multiplication.  - Es 
From this operation carefully obſerved, the following 
rule is eaſily deduced. | 


RuLE. 


Feet multiplied by feet, give feet. | 
Feet multiplied by inches, give inches. 


Feet 
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. Feet multiplied by parts, give parts, 
Inches multiplied by parts, give parts. | 
Parts multiplied by parts, give other parts, each of 
which is the 144th part of an inch. uy 


I have given you the above example merely that you 
may not be at a loſs how to proceed, if you ſhould have 
the dimenſions given in feet, inches, and parts : but 
this is very rarely done, the dimenſions being thought 
ſufficiently accurate if taken in feet and inches, I ſhall 
therefore, in the remaining examples confine myſelf to 


theſe, as being fully ſufficient to anſwer moſt of the 


purpoſes of practical menſuration. 


ExAaMPLE II. 


Let it be required to multiply 7 feet, 10 inches, by 


| feet, 4 inches. 
| OrERATION. 
7 : 10 Multiplicand. 
6 : 4 Multiplier, 
4d } 47. © 
A | 2 : 7 - 4 | 
49 © 7 4 Ane. 


Here I begin with the 6 feet, ſaying 6 times 10 is 60, 
which 1s jutt 5 feet, (for according to the above rule, 
feet multiplied by inches give inches) I therefore ſet o 
under the inches, and carry 5; then 6 times 7 is 42, and 
5. is 47, which I ſet under feet; becauſe feet multi- 
plied by feet give feet. I then proceed to the 4 inches, 
ſaying 4 times 10 is 40, 4 and carry 3; I therefore write 
the 4 in the place of parts, becauſe inches multiplied 
by inches, give parts: then 4 times 7 is 28, and 3 that 
I carried is 31 inches, or 2 feet, 7 inches; becaule feet 
multiplied by inches, give inches: I therefore place 
in the column of inches, and 2 in that of feet. Theie 


two lines added together give 49 feet, 7 inches, and 4 


parts, the anſwer require 


EXAMPLE 


Le — x5 
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ExXaMPLE.. UL 


What is the yada of 12 _ in es multi lied 
winken bas. 9 ches, p 


0 


e 


: 9 Multiplicand. 

« — 1 ö 

127 6 
Aa 15 4 IE 
— Anſwer, 


Here 1 WE with the 10 feet, - ſaying 10 times 9 is 
go inches, or 7 feet 6 inches; 1 therefore ſet down 6 
under inches, and ſay, 10 times 12 if 120, and y that I 
carried is 127, which I ſet down in the column under 
feet. Then 6 times — is 54 parts, or 4 inches 6 parts, 
I therefore ſet down 6 in place of. parts; and 6 times 
_ is 22, and 4 that I carried is 76 inches, or 6 feet, 4 
; I therefore ſet the 4 under the inches, and 
— 6 4 the feet; L then add the two lines toge- 

ther, and the ſum 133 _ 10 inches, 6 parts, is the an- 
wer — 


1 IV. 
11 feet 11 inches, by o ler o inches: 


Or ERAT TON. 
: 11 Multplicand. 
9 Multiplier. 
| 1 
_ 1. 7 FOR 
IG BOY Anſwer. 


Ex AMP LE V. 


Let it be required to multiply 20 ft bn 14 
feet 7 inches. | | 


D _ OPERATION; 


——— — 


therefore on 


= 
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OPERATION. 
20 : 8 Multiplicand. 
10: 7 Multiplier. 
. 
Add 1 
218: 8: 8 Anſwer. 


Theſe examples wrought at large, will be ſufficient, 
if _— conſidered, to explain this rule: I ſhall 
y add a few queſtions with their anſwers, 
leaving the operations as an exerciſe. 1 | 


ExAmMPLES for PRACTICE. 


| 2. What is the product of g7 feet, 8 inches, multi- 
plied by 8 feet, g inches? 


Fit Anſwer $54 feet, 7 inches, 
2. Multiply: 75 feet, 7 inches, by 9 feet, 8 inches. 
Antwer 730 feet, 7 inches, 8 parts. 


3. Multiply 7. feet, inches, by z feet 6 inches. | 


15 nſwer 27 feet, 1 inch, 6 parts. 
4. Multiply 75 feet, 7 inches, by 9 feet, 8 inches. 


Anſwer 730 feet, 7 inches, $ parts. 


5. Multiply 87 feet, 5 inches, by 35 feet 8 inches. 
Anſwer 3117 feet, 10 inches, 4 parts. 


6, Multiply 259 feet, 2 inches, by 48 feet, 11 inches, 


ſwer 12677 feet, 6 inches, 10 parts. 
7. Multiply 179 feet, 3 inches, by 58 feet, 10 inches. 
{wer 10535 feet, 10 inches, 6 parts. 
8. Multiply 257 feet, g inches, by 39 feet, 11 inches. 


Anſwer 10288 ſeet, 6 inches, 3 parts. 


Diſcipulus. Your explanations of this rule have been 


fo plain, and the ſeveral ſteps neceffary in the operation 
are ſo evident, that I ſufficiently underſtand the whole. 
But I find the operations, unleſs the numbers are 
ſmall, to be attended with more trouble, than the ſame - 
operations by decimal arithmetic; and therefore the 
rule ſeems to me of little uſe. 


Phils. You are extremely right, Diſcipulus ; and a 


rule for taking dimenſior s, decimally divided, would be 
by far the moſt eaſy method of meaſuring. But cuſtom 


| | | prevails; 
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prevails; and when' the dimenſions are ſmall, this 1 me- 
thod is attended with very little trouble.” 


Diſcipatus.” It gryes me. the hig d Plestuge to fin 
2 not wholly miſtaken, an d wiſh. that 8 
d on was uſed, 28 1 tle 
properly adapted to "ing A bi 
— ild it not be very eafy-toh l decitnally 


divided, ſo that the dimenſions might be taken, with- 
out - whos trouble of 8 the in Kc. inte deci- 

Philo. D . The foot may: eaſy eafily. be di- 
vided into ten equal 8 each of theſe parts into 
ten others: for the diviſions will be very little cloſer 
than thoſe on — common rule, where the foot is di- 
vided into twelve equal parts, and each of theſt divi- 
ſions into eight ſmaller: conſequently, the common 
rule is divided into 96 equal parts; ſo that the former 


has only 4 diviſions more than the latter. Iwill add a 


queſtion, where the ſame dimenſions are taken in the 
"<—_— and in the decimal manner. 

poſe the length of a board be 18 feet, 6 inches, and 
is to wh multiplied by 6 feet, 6 inches. 


OPERATION by the Common Method. 


18: 6 
G: 


1 
„ 
* 
3 


* — 


9 


3 


120: 0 PRO 


If theſe a had * taken with 4 decimal | 
icale, they would have been 18.5 feet, and g. 5 feet: : 
and the operation would have ſto thus : | 


18.5 


6.5 
925 
1110 


: 120.25 
Or 120 feet, 4 inches; the ſame as before. When the 


dimęnſions are lar this will be found the moſt eaſ 
N 28 D 2 method 


* 
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of ſolution; as the mind i leſs burdened, and conſe- 
quently !-{s-ſutgett to miltakes. 

*. —_ conc[ * r with adding a a 


| feet, hes, 
DID iy in a — pars; re CR 


wel as by te" 8 y this, as 
E NT: 


af computation. 
1. „ -- ca 8 inches, 6 parts, by 10 o fot, | 
inches, 6 parts. 


THE 


WHOLE ART 


- 


OF 


MEASURING 


SUPERFICIES and SOLIDS. 


n K „ 8 J K 3 e dd. 
ww : 9 * 9 re g * - —_—_— — REY ' — 


BOOK. L 


of Mz Aazvznc SUPERDFICEs: 


SECT. I. 


DzyiniTions. - 
A PoixT ana has a0 parts, being nathing mee than 


II. 4 line RIDE <> ey is bounded 
by two points. 
III. A ngkt or ſtrait line, is that which lies even 


between cheſe points, or is the acarett diſtance between 


IV. A Superficies is a figure which hath length an 
breadth, and is hounded by lines either ſtrait or 
curve. 

V. Parallel lines are thoſe which lie e ally diſtan diſtant 
from ane another, in all thaje parts; 
infinitely extended on the ſame plane CT os never 
meet. 

VI. When one line is inclined towards another, 
whether they are right, or circular, 12 will, when 
extended, meet, and form an angle; and the point where 
they meet, is called the F point. un 
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VII. When one right line ſtands upon another, fo as 
not tolnaine to either ide, but makes Me ängles on 
each fide equal; each of theſe angles is called a right 
angle; and the line ſo ſtanding on the other, is called a 
perpendicular to that whereon it ſtands, 
VIII. AlFthreg-fided e but 
admit of ſeveral dĩſtinctions: as Equilateral, when the 
ſides are equal: Iſoſecles, when only two ſides are equal: 
Scalene, when the three ſides are unequal; and right- 
| 2 when they have one right angle. Fn 
AE. four: ſided figures are called/Quadrifatefals, 
but are divided into Squares, Poral lelograms; Rhorh- 
bus's, and Rhombaides. 
A ſquare, is that where all the angles are right, and 
the ſides equi. - , 
A Parallelogram, or oblong ſquare, is a figure that 
| hath all its angles right, and its oppoſite ſides equal. 
A Rhombus, is that which hath its four ſides equal, 
but no right angle. Fr 6 -, 
X. A circle, is a Nane bounded by one curved line, 
called the circumference, to whickall.right lines drawn 
from a certain point within the figure called its center, 
are equal. Si: = # % I gs” 
XI. The diameter of a circle, is a right line drawn 
through the center, terminated at each end by the cir- 
cumterence; and divides the circle into two equal 
parts, each of which is called a femi-circle: half the 
diameter is called the Radĩius. 5 
XII. The circumference of every cirele is divided 
into 360 equal parts, called degrees; each degree into 
60 equal parts, called minutes; and each minute into 
60 equal parts, called feconds, &c. Any part of the 
circumierence is called an arch. 77 ef 7: 
XIII. The chord of an arch, isa right line joining 
the extremities of an arch; and by which the circle is 
divided into two unequal parts, called Segments. 
XIV. A Sector, is a figure comprehended under two 
Radius's of a circle, and the arch ineluded between 
thoſe Radius's. „ a. . 
XV. A Polygon is a figure contained under ſeveral 


a 
„ 
= 


* 


ſides; and called a regular Polygon, if the ſides and angles 
axe equal; but if they are not, it is called an ifregular 
Polygon. e | 21:4 


Aer 


bor MEASURING. -. 3 


A Polygon dar different er its mens- 
ber of ſides ; v:z. if it has five ſides, it is called aPenta- 
gon ; if fix, a —_— - 4. n if eight, 
an Octagon; if nine, a Nonagon; if ten, a Decagon ; 
if eleven, an Undecagon ; and if twelve, a Duo. 


| XVI. The Altitude or height of any figure, is the 

perpendicular let fall from its ſummit to its baſe, or 

the line on which the figuve is ſuppoſed to ſtand. 
XVII. The Area of any figure, is the ſuperficiat 


content of it. 

r 

| Explaiiation of the CHARACTERS uſed in this 
Work. | h 


| Phil. In order to ſhorten the work in the ſeveral 
operations uſed in Meaſuring, a few characters are made 
uſe of, and therefore I think it neceſſary to explain 
them here; and beg, my dear Diſcipulus, that you will 
peruſe them attentively, and make them extremely fa- 
miliar ; for I aſſure you, they will be found very uſe- 
fu} in all kinds of operations. 4 | 
Di _ . I ſhall take particular care to obſerve your 
inſtructions, and ſhall never conſider any thing 2s · a 
taſk, that you ſhall think fit to impoſe upon me. 
Philo, I — not 7 our —_— and ſhall take 
care to impoſe nothing, but what you may eaſily un- 
4, Aere, the ſign of Addition. Wherever this ſign 
is found, it implies, that the number, or quantity fol- 
lowing the ſign, is to be added to that which precedes 
ir: thus 376, is read 3 more 6, and figrifies, that 6 is 
to be added to 3. W + OT OM 
, Leſs, the ſign of Subtraction, - ſignifies that the 
number following it, is to be ſubtracted from the pre- 
ceding number: thus 8—5, is read 8 4% 5, and fig- 
nifies, that ; is to be taken from 8. | * "IN 
x, Into, the ſign of Multiplication; denotes that the 
numbers between which this ſign is placed, are to be 
multiplied together: thus 4 * 8, is read 4 into 8, or 4 
__ _ multiplied by 8: — 1 5 * GX X 8, implies, 
that 4 is to be multipli my 5 ; that product * 
OE DL 4 DF 


— — 
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; 1 
by 6; that reſult multiplied by 7; and the laſt product 
multiplies by d See the work. : 
4 | 
EE 
..6 
; 120 
2 
840 
8 
3 | 
2, By, thefign of Diviſion, lignifie that the number 
ing before the ſign, is to be divided by the number fol- 
nne 


8 
dy g. Bat the common method now uſed for exprei- 
ling diviſion is, by placing the two numbers, in the 


forms of a fraction, the dividend above, and the diviſor 


below it. Thus if 284 were to be divided by 32, it is 


expreſſed in the following manner, f. 


=, Equal, the ſign of Equation, ſignifies that the 
nambers, or ex son each fide of it, are equal to 
one another: thus 6+2=8, or 6 more 2 is equal to 8. 
Alſo 9—3=4+2, or 9 % 3 is equal to 4 more 2: and 
8 * g=72, or 8 multiplied by g is equal to 72: alſo 
LE or 15 divided by 3 isequal to 5. 

The terms in proportion to one another, are expreſ- 


ſieed in the following manner: 8 : 12 : : 16: 24, that is, 
'$is to 12, as 16 is to 24. The two points therefore 
between the 8 and 12, ſignify is ts; the four points 


between the 12 and 16 imply as; and the two points 
between the 16 and 24 denote is to. 

V, The 
fquare root of thoſe numbers or quantities to which it 
is prefixed, muſt be extracted: thus J 8: 
the ſquare root of 31, muſt be extracted. When ſe- 
veral numbers or quantities, connected by the other 


+ 16 & 14, implics that 16 is to be multiplied by 14, 


of the fquare root, implies, that the 
ſignifies that 
s or characters, are to have their ſquare rout extract- 


— 2 a line is drawn over them, to denote what part of the 
exprefhon is to have its ſquare root extracted ; as 


A. a 


—_— —  —— — — 


or MEASURING. j 
8 n pro- 


: The charter / denotes the cube root of the ads 
tities following it: thus, / 397, implies the cube root 


of 397 : and 572 x 69, ſigniſies, that 32 is to be multi- 
plied by 69y/ and the cube root extratted out of the 


— ſeveral terms, or Ades are connected 

ines druun over them, it denotes the reſult of thoſe | 

terms or numbers, when the operations denoted by the 
ns afe performed : thus S6 implies, that 6 

i 4 or 2 is to be multiplied by 6 wre 4, or 10: 

$ x 6-4 +14, lignifies that 8 is to be multiplied by 6 

leſs 4 more 14, or 16. But had the the Jine * 85 


only to the firſt 43 qr $ X NI, the: ne 
— have been 4a... diff Aa 4 it would then hay 


ſignified, that 8 was to be mul leſs 4» or 2 + 81 
55 GEE "ed * 


14 1 to the product: 
would have been 124, and i 
Hence a 


— 


Theſe, * 7 Dinan he charatrs 24 | 


| * D en ou to b 9 n an | 


le them frequ 2. — they wilt 
loon become as fone + ag CELE as the common figures. 


ns. It ſhall be my buſimeſs to imprint — 
firmly in my memory. ian uſe in ſhortening 
_ the aperatians!is: ſa; appare nt. That I ſhould think I pro- 
fited very little dy your iniſtr _— . 
learn — hes ſos gregta ten 
advant 
Phils... It giv 


Fes me pleaſure to 3 make ſuch: 
juſt obſeryatiogs : and I ſincerely . all ſcholars 
would endeavohr to imitate your example ;: this would. 


at orige give ſatisfaction to theinmaſter, and delight to- 
their parents. Give me alſo leave to point out to you- 
anp where che le Uns are very neceſſary: L. 
mean in ex ng the operations proper. to be per- 

N Ws in a:place conxenicat for the 


| 3 ED, 6 8 my” 


two points, as D and F, chen 


to 2, and make a - > <8 2. 53610138 


6 Ta{ WHOLE ART 


purpote. T he operations in meaſuring are.generally 
ong, and require a conſiderable degree of care and ac 
tention ; and therefore often very improper to be per- 
formed, on the ſpot where the ; Sams nog are taken. 
But the whole may be eafily expreſſed by the aſſiſtance 
of theſe characters, and you will thence be enables. * 
perform the requiſite operations at your lire, B 
in order to reap this advantage, it will be proper f foryou 
to be very ready in expreſſing. any calculation negeſſary 
to be performed; and this von will * ene by 


tice. — 1 (3303; 
oo MEA 3x 
07 Jn Groneyaicat. nme as are —— 

1 5251 . 3 
5 ue O B. „rie. 2 Nan 
7. divides right line at AB, me nr pr 
From A and B, the ends of | 


the given, line, and any" 
dius greater than one. half of... 1 _ 
deſcribe two arches of 35 


2 eroſſing each other in 


Join thoſe two — 1 | * | 
with a right t line, at ic will 241211 (Ct bs. if EY 4” 


biſſect, or divide the line AB, Ni Le aka 


as at * he 
Eo Ps Toh 
To raiſe a n 4 gie h! te, 
RAT ä "0 
| Let the given line be AB; and let it be required to 
erect a perpendicular to ĩ it, in-th rant 1 4 
Place one point ot or 1253 & "Oz | PA.. 
compaſſes in the point C, | * 
and open them to to any 4; 17, 
convenient - diſtance, 'as - = 6 


at h with the fame extent 
of the compaſſes. Then 


placing one point of the AT] 


—— greater than 6, deſde 


rer MEASORING > 


the arch c d, and with, the ſame Radius, * 
the point in a, 1 the arch e ＋ Draw the ri 
line CD, from the given point C, through the inte 

tion of the two —— cd, e f, and it Will be the per- 
pendicular required. 


P R O B. III. 
To raie a prpiieular onthe nd of n ten line. 


Let the given line be AB, 
and Tet it be required to raiſe 
a perpendicular. on the point- 

B. Upon any point at ran- 
dom, _ of the line A B, as 
at C, place one foot of your . 
com „ and extend — 
ther to B, and on C, as a cen | 
ter deſcribe a circle, and | ol 

the point where the circle cuts the given +. as at 
eee 
point D, draw right line . it per- 
pendicular required. Re 7 


+3 


bn O B. Iv. + i 


To let all. a perpendicular FOLIA Fg ot E 
2 that is pat in abe a | 
Let the ven point be C, and the g 
the perpen — is to let fall de A 
Set one foot of the compaſſes 
in the ary point C, and de- 
ſeribe ſuch an arch of a circle 
as will croſs the given line AB 
in two points as D and E. 
Then ſetting one foot in "0 
open the compaſſes to any di o: 
tance greater than half D E 
| and de cribe an arch as F; 


fine” eon 411 8 


d Pp 
2 


114 1 1 > Bigg "6 


Ds © PROB, 


Txt WHOLE ART 
b R O B. v. 
© To bifett an > da ares 
Upon the angular point C 
as a center, and with any 
convenient Radius, deſctibe 
an arch as AB, and from 
theſe two points A and B, 
deſcribe two equal arches 
_ Eroffing each other as at D. 
Then join the points C and 


D, with a right line, and it will biſſect the arch A B, 
and conſequently the angle, as was required. 


p R O B. VI. 


Has] a point A in a given right line, io male a right lined 
Bs equal to another rh lined WF Jn. = 


the given 
with any e canve- 3 


: Bang ius, deſcribe an arch, | 
as FD; and with the ſame 5 
Radius, ſetting one point of G<— 
the campatics in A, deſcribe 
the nech u; make e 

to FD; n join the pon 
Kad f; with e 


. 


r 0B. vn. 


it will form the 
quired. - 


s through any e 
Let che given right line, be 74 — thro 
which —— is to pals be x. 


Take any point in the giyen NM 
line as at H, the a en a __M x 
the better; malte H Ra- r 5 ; 


dius, * with it the 8 


eee Thin tanks 4 
cen to the arch N x, and through the 


. 


point I, Geſeribe 3 fRmi- cir- K 8 8 


points 


7 


or MEASURING. 9 
points M and x, draw the r ight line FD, which will 
be parallel to A B, as require 

P R O B. VIII. 


To deſcribe a circle that ſhall paſs through three given points, 
Provided they are —— 
Let the rr 4 points be —— 


A, B, and ro* which 
it is "required the circum- 


ference of the circle ſhall J 
pals, Join the points B A, + 
and B D with right lines, | ; 


_ 353 8 VAC: - ; 
already detcr! rob. 1. „„ REY”: 
The point where theſe biſ- . — | 
ſetting lines meet, as at C, . 75 
will de the center of the circle required.; Har if you 
place one of the points of the compaſſes in C eK 
tend the other to any of the given points pag aps D, 
and with that Radius deſeribea * will 3 pals thee: 
«he three given points. | 


FRO IX. 
Udon 4 given right line ta deſeribe an equilateral i 


Let the given line be AD, on SEND is ions to 
deſcribe an equilateral triangle. | 
Make the given line Ra- 
dius, and with that diſtance 
place one of the points of the 
compaſſes on A, and with the 
other deſcribe che arch C D: 
remove the point of the com- 
to D, and with the ſame 
adius or diſtance deſcribe 
the arch A C; from the inter- <2 — 
ſection of theſe arches draw the — A ©, ad 
+ 


D-©, {you will TO OI PO 
quired, 


& | 


: 


2 PROB. 


Pd 


* 


10 


TAI WHOLE ART 
r | 
Three right lines being. given, provided any two of them tak 
— be longer than the third, fo form 221 into 4 . 
ang 


. Let the three gi n lines be A B, BC, and C, and 
let it be required to form them into a wiangle. | 
'Fake either of the. 
ſhorter lines, as B C, — B 
between the points of 5 
the compaſſes, and * 
ting one point in B 
the end of the long 
line AB, with — 
ther deſcribe the arch; 5 
then take the other _ 
line, A C; between the - * I 
points of the compalſ-- - 
ſes, and ſetting one foot in A, with the other deſcribe 
4 ſecond arch, cutting the former in C; join the points 
CA, and C B, with right — and you will form the 


triangle required. * 
8 PROB. x. 


„ Hallig pon g ian right line to form * 3 


Lat chi given line be AB, and lee. ye ne 
form a ſquare upon it. 
Upon the end of the given: Cz. 


line, as at B, erect the 1 7 2 
ength to |: 


cular BD, equal in 
the given line; that is, make BD 

= AB. Take the length of the 
given line, between the points of 
the compaſſes, and from A deſeribe 
at arch; remove the point o 4 | 
D, and wi th the fame-diſtance, or e 
Radius, .defcribe another arch cutting the former i in ©: 
join the pointsC A,and CD, with right 1 ans Oy: 
will form the _—_— required. 


PROB. 


I oY we eto. eds bg tad a 


ten 
Vi- 


8 & in 


then ri 


ſame 


es MEASURING. TY 


- "y 
: — 


n p R O B. XII. 


* e 1 


Tio right l lines 1 given to form of them a n 


Parallelagram. 


Let the two lines be AB and BC, and let i it be re- 
1 of them a right- — 
e eee Ar | WY 
longeſt line, as at 8 Hog 
re a perpendieular of B— A— | 
the ſame length with the © = 
ſhorter line BC; then. D r "gs Eos ©. 
from the point C draw 1 
a line parallel to A B, 
and of an equal length; 
that is, make D C=to. f 0 1 55 
AB; join AD with — — th 
a right line, and you; will PO eee ee B | 
form gh Parallelogram required. 1 
% „„ On 


Upon a ebe ft to Ker . nfo 


oe. 

Let the right line be AB, 
and let it! be. required io 
deſcribe on it aregular-' © 
r_ on. Make theg iven 
line AB —_— 1840 E 72 | 


take ngth o li 
AB, LE the SPI er Fe 


your compaſſes, and ab * 
each end af it deſcribe a cir- 
ele, and upon theſe 
where the circles: ach: ; | 
other, as at j — 4 4% 27-70 
. Upon the pon, ent ud 
aadius, deſcribe the arch HAzB D; ; lay aruler 
on. the points D, e, and mark where it croſles the other 
circle, as at F. "Again, lay the ruler upon the points 
H, e, and mark where it eroſſes the other circle, as at C. 
Then from the points F and C, with the fame Radius 
A . 7 FE/KC, croſs arches, as at K: join the points 
and C B, with * lies, and. 4 


a Tuz WHOLE ART 


form the Pentagon required. For AB=AF=FEK= 
KC=CB, and the angles at ds B. C Ch F, will be 


equal. 
P R 0 B. A. 


In am geven Circle to inſcrilo any regular Polygon. 

Let the given eirele be DA B, and let it be required 
| 2 deſcribe within it à regular Pentagon, or five ſided 

gure. 
Draw the circle's diameter 3 
DA, and divide it into as * 
many equal parts, as there are * 
ſides in the required Polygon, 
which is here 5; and there- 
fore the diameter is divided in- 
to frve equal parts. Then 
make the whole diameter Ra- 
dius, and deſcribe two -+- AY ! 

as CA, and CD. If a ri 
line be drawn from the — 4 
C through the. ſecond divikew 
on the diameter, as at z, it 
will aſſign a point in the oppdite gant 
of the circle as at B; and the — 


ſide 15 the mas NT DTD 

+ Ws. CHAP. 1 K. 
/Msnwonne :/Or apt te nee 
Diſei puls. Har do you mean by a. Super- 


inns ae Co 
0 jon : ur 
canlidered. - 
8 8 E Cc T: 1. 5 8 5 
Pen 8 


4 — already been defined, in the 3 
th . the area of iti found by 
5 Rus. 


2 
Ll at,. oe ww” oaa a= 


- Philo. Ry 12 — we unerfiant} a figure, which | 
„ th "nbd breadth, but is without rhcknefs: at 


t] 


Rows. 


Multiply the fide into jfalf, and the ren will be 
the area, or content required, 


Ex ANI E. 

Suppoſe the figure A BC D a geome- A R 
trical fquare, whoſe ſide, for they are all 122 
equal, is 4 feet; and its are or content L 
de required. * 


ore 3 


* 16 feet. 


You vill. obſerve, my dear Diſcipulus, that nothing 
more is to ſind how many ſmall ſquares 
the ſides ED one foot, are contained in 
the given ſquare; for the number of theſe ſquares is 
the area of the given ſquare, as you will eaſily perceive 
by examining the 1 figure, and comparing it 
' with the above rule and operation. 


S ECT, H. 


mg 4 PARALLELOGRAM.. 
| wal isa long ſquare, whoſe te ſides 
are _ 2 e 
lowing 


— the fol- 


Rur. 


Multi ly the len the breadth, and 4 u 
will de che area wo. by pro 


EXAMPLE. 


- Let ABCD repreſent — 
a Parallelogram, whoſe 
length AB, or CD, is 
feet 6 inches, and _ 
breadth AC, -ar BD, 
feet 3 inches; and it be +: hit 
required ta find the area, 


Twz! WHOLE'ARF 
Operation. by Decimals. 
FTW nat; 1 . her I 1 68 4 4} 


7 
8 * 190, gp - 
x 1 | | 
39.378 
[| . 12 „ 


| 4.500 

- Þ 

8 1. ooo 
N 59 feet, 4 — and a half, 


Operation by Duodecimals, or Croſs Multiplication, 


x Y get 

3 
þ 1.0 NO. D l 
1 * . Dei e 


7 FJ I: My. . 


- | 59.4.5 . 
Anſar 59 fot, een 


8 
* 54 1 


8 EC T. | MK: + 
Of Miaſuring à REoMBus. 
A Rhombus, or Diamond-like Figure, is that which 
has four equal ſides, but no right angle, and is'mea- 


fured by multiplying one. of, the ſides by a perpendicu- 
lar, let fall from one of the obtuſe —_ upon the op- 


_ fide. 


| EXAMPLE. 


Let ABDC, be a Rhombus whoſe 


area is required ; and let the length 
Az be zofeet, 8 inches, and the per- 


pendicuizr AG, or BP, bo 17 fect, 3 
3 


D MEASURING ”y 


SECT. WV. 
Of eaſt RromBornes, 
Aa ne 


A. 7... is a figure whoſe oppoſite ſides and o 
ON les 4 wal bu it has no right angle 7 
me : 


RY ; 5 * 14 
43 1 2 


gr FEE 


Multiply one of thelongeſt ſides, by the perpendicu- 
lar, let ply from one of the nn . and the * 


duct is the content required. 


EXAMPLE. | 
Let ABFE, be a Rhom- 4, - 
boides, — leng h 2 1 
be 20 feet, the perpendicu- 
lar AD BC, 12 feet, 6 


inches, and let the area be to- 
quired, 


8 Ths WHOLE: ART. 
r 


126 n 
10: 0 
250 0 


Anfeer 2 
SEC T. V. 


Of Meaſuring 4 TRIANGLE. 


There are various ſorts Jeb prank but the area of 
general 


them all are found by this 


RvLs 
ip! half the baſe by the pe: 


whats baſe by half the pe 
duct will be the area requi | 


EXAMPLE. 


Let BCD, he a triangle. From 
the point C, "let fall the line-CP, 
perpendicular to the fide B D. 

t the baſe BD be 40 feet, and . 
the perpendicular 5 20 fret: 
the area is apts ar 


OyzRATION. 


20 Half the Baſe. 
20 Perpendicular, 


Anſwer 400 feet. 


The figure annexed will ſufficiently ES the rea- 
fons on which the rule is founded : for the triangle 
BCD is half the Parallelo AFDB. Therefore 
the area of the triangle BCD, muſt be equal to half the 
area of the Paralleles am; but the area br the Paralle- 

BD D x "CP = = 40 X20=800 ; E. 4 
| 5 


* is to 


fi 
b 
p 


hy, 


or MEASURING. 
Cn es nn iy age ID; we 


* But th area of 3 rs 
1 ou 
far, by the following | 


when the three ſides are 
on EY T's parpendice- 


Rds 


From half the-ſum of be des, ſuberadt each 

fd ſeparately let the hal m; and ndth CE 

mukiplied continually, quare root | 
product will be the content required. 


Ex AMPLE. 


| Suppoſe the of triangle required, whos 
Aer wa 


OyzRATION. 


' The ſum of the three fides 20, 18, and 16, is 54, 
whole. half is 27. 
And 27-2027; 27—18=93 3. Then 
>: 27 | | 
4 
EE oh 
1701 
ns = 
18782 


* "a 


; * 6736786 


27348 241100 
$1218784 _ | 


2 


SECT | 


3 rr WHOLE kan 5 
e ee e 
EE 


A Tiapes ium i ah Le LIES 
polite files m are not parallel 4 area, or cho): 
contents is 2 K K * "Ein 


5 30 wi 1ſt} 1 144i 1 11 
1999 14 l Ru Ear trot: yi T4318; =_ 


- Divide the T 1 into 1 
ing a Diagonal t hrough = 3 — 
diculars from the oppolige obtuſe 4 rt : take — half 
of the ſum of the two perpen iculars, and multi Ge the 
Diagonal by chat half ſam; the product wilt be 
required, ame: * It e 
ei 1 | 
L AliCH've a Then 20g mt >! 
whole area, or ſuperfici Loge — 


— © 


tent, is required; ſuppo ppoling the 
Diagonal AC to be 209 feet, 
the perpendicular BP 

2 the perpendicular 5 40 
ect, 


3 


BP 504 DE 40 =90, the the half of which is . 
Then 200 The Diagonal A C. 
_45= = Halk the gepeadiculars. 
1000 
800 oY 
"gooo F cet the area F the Trapezium 
ABCD, required, 5 1151 1 P 


N.B. The area would have been the fame, 17 the area of each wicngle 
had bcen found ſeparate, and _ 4 areas added together, 


. roc The 


or MEASURING. rg 


0 Half P 3 
4000 Area of ADC. 


Then Nr the. area of the whole | 


o { | — 14d 5; TA _ 0 
. 
Of Meaſuring irregular FIouR Es. 


Irregular Figures are ſuch as have more ſides than 
four, and both the ſides and angles:unequal ; their area, 
therefore, is found by che following” — 


Trapezium A 


)%ͤ U 8 
Divide the irregular figures into Trapeziums and 
triangles; find the ærea of esch feverally, and add all 
the areas together: the ſum will be the area of the irre- 


EXAMPLE. 
Let ABCDEF, be an irregu- B 
lar figure, whoſe area is require. 
Draw the lines AC, AD, and . 


DEF, - which will divide the ,. 


* 


figure into four triangles ; and 
let fall the per ndiculars from 
the angles, at B, C. E, and F: N 
and let AC be=40, AD = zo, and F 


4 


DF=26 feet; and the perpendi- bz 
culars B, C28, K=15, F316. -- Tor 
OrERATLOx. 


| 


20 Taz WHOLE ART 
| OrnRATION. 


- 193,0=Areaof DEF. 
Then 280 = Area of ABC. 
420:= Areaof Ac. 
240 = Areaof ADF. 
| 195. = Area of DEF, ARE, 
1135 = The Area of ABCDEE. 
SECT. . 


Of Meaſuring regular Pol vos. 

Zy regular Polygons, are meant all ſuch figures, as 
have more then four Ges, end whoſe ſides and angles 
are equal, | 
Regular Polygons are diſtingui by particular 
: . 22 the Greek, as is explained in 


4 the number of ſides and angles be what they 
cial content is found by the 


will, the area or ſuperfi 
following ER 


Rurx. 


r MEASURING. 21 


RULE. 


Multiply the ſum of the ſides by half the perpendi- 
cular let fail from the center to the middle of one of 
the ſides: or, multiply half the ſum of the ſides by the 

perpendicular, and the product will be the cantent. 

o Ex AML E. 5 
Let it be required to find the area of a regular Hexa- 
gon, whoſe ſide is twenty-five yards, and the perpendi- 


_ cular 17.2 


SOLUTION. 


The figure annexed, 
repreſents a 2 
Hexagon, or ſix ſided 
figure inſcribed in a 
circle; the ſix ſides are 
the ſtrait lines AB, BC, 
CD, DE, EF, and 
FA. And GP, is the 
perpendicular et fall 
from the center G, 
upon the middle of the 
ſide AB. 


Then 25X6=150= to the ſum of the ſides; and 
half the perpendicular=8.6, Therefore 5 


150 

8.6 

900 
1200 _ 
1290.0 The area required. 


Or, 75 Half the ſum of the fidesÞ 
17.2 The perpendicular. | 
8 — —m 5 . 
_+290.0 The area required; 


1 — 


— — — —— ä U—-— * 


AD BE is the circumfe- 
C, the center, and AB 


N the Radius. 
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Or, 150 The ſum of the ſides, 
I7.2 The Perpendicular. 
300 
1050 
| 150 | | 
21258001 1290.0 The area required, 


It is ſuſſiciently evident from the above figure, that 
the Hexagon conſiſts of ſix triangles, all equal to one 
another. If therefore the area of one of the triangles be 


found, and that area be multiplied by the number of 


triangles, we ſhall have the area of the whole figure. 
Thus in the above figure, the fide AB is 25 yards, 


and the perpendicular 17. 2 yards; 
Therefore 25 The Baſe. 
8.5 Half the perpendicular. 
„ 

9 1 | | 

215.0 The area of the triangle AGB. 
6 The number of triangles. 

1290.0 The area of the Hexagon, as before. 


This rule is equally true in all regular Polygons. 
SEC T. VIII 
Of Meaſuring CI1RCLEs, and their PARTS. 
A circle is a plane figure, comprehended under one 


line only, called the circumference, or Periphery. 
In the annexed figure, | 


renceof thecircle ABCDE. 


thediameter, half of which, 
viz. AC, or CB, is called 


The circle is the moſt 
capacious figure, or con- 
tains more ſpace than any 
other plane fi ure of equal 


compaſs: and at the ſame -— 


time, affords a greater number of uſeful properties, _ 


oF MEASURING. 23 
of which depend upon knowing the proportion, which 
the diameter bears to the circumference. 

It is ſufficiently evident from whatwe have obſerved 
in the preceding ſection, that a circle may be oonſi- 
dered as a Polygon, of an infinite number of ſides ; that 
the Radius, or ſemi-diameter, muſt be equal to the 
perpendicular of ſuch a Polygon; and that the circum- 
ference muſt be equal to the Periphery of the Polygon. 

But the labour and difficulty attending this method 
of finding the ſides of ſuch a Polygon, has induged 
Mathematicians to attempt the ſolution of this uſeful 
Problem, by more eaſy and expeditious methods, and 
they have fo well ſucceeded, that the calculation is 
attended with very little difficulty; but the principles 
on which the modern methods are founded, are of too 
ſubtile a nature, to be explained in this work : and 
therefore, my dear Diſcipulus, you muſt be ſatisfied 
with knowing the foundation, on which the ancients 
proceeded. Perhaps hereafter, the madern improve- 
ments may be explained. 2% 

The famous VAN CULLEN, by purſuingthe ancient 
method, found, with infinite labour, the circle's cir- 
cumference to 36 places of figures, viz. if the diameter 
of a circle be 1, the circumference will be 3. 14159265 
358979323846204338327950238. Theſe figures were 
taid to be engraven on his tomb-ftone, in St. Peter's 
church, at Leyden, as a memorial of fo great a work- 
But fince his time, Mr. JohN Macnin, ſecretary ta 
the Royal Society carried it to an hundred places in 
_ decimals, and demonſtrated, that if the circle's diame- 
ter be 1, the circumference will be 3.141592653,5897932 
334,020438327,9502884197, 1693993751, 58 2097 494145 
92 3078 16, 4062862089, 9862803482, 5342 117067, 9. I his 
amazing accuracy has rendered all attempts fince ſu- 
perfluous. | | 

But as a very ſmall degree of accuracy is ſufficient in 
common practice, the proportion of ARCHIMEDESy 
VIZ. as 7 to 22; or, that of MErius, as 113 to 3555 
is commonly uſed ; though that of VAN CULLEN, viz. 
as 1,to 3-1416 ſeems better adapted to Menſuration, as 
— 1t ſaves the trouble of diviſion. | 


=” os  FROB, 
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PROB. I. 
To fond the circumference of a Circle, the diameter being 


groen. 


By the aſſiſtance of either of che above proportions, 
2 circumference of the circle is eaſily found, when 


is given. 


EXAMPLE. 


Let it be required to find the circumference of 2 cir- 
cle, whoſe diameter is 120 feet, yards, &c. 


As 7: 


1 — ARCHIMEDES' proportion. 
: 120 
22 


— 
* 4 


7 I ( (377-1428, &c. The circumfe- 
| rence * 


1 


2, By 


2, By Mrros' proportion. 


_ - As 113 2 355 5 5 120. 
120 
7100 | | | 


113) 42600 (376.9911, &c. The circumferencgs 
139 ** pt 


or MEASURING- '23 


3. By Van CuLren's proportion. 
As 2 : 3.1416 : : 120 


376.9920 The circumference required. 


By either of theſe methods, my dear Diſcipulus, the- 
circumference of the circle may be found ſufficiently 
near the truth, for common practice: I fay ſufficiently JiÞ8 
near the truth, becauſe it is impoſſible to ſolve the Pro- | 
blem abſolutely accurate. 8 | 

Diſcipulus. I perceive, Sir, that the two laſt are ſo 
nearly alike, that either of them may be uſed, as they give 
nearly the ſame reſult; but there is a conſiderable diffe- 
rence between them and the firſt ; and therefore, I ſhould. 

reject it, unleſs it be the _ accurate, Ir 
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Philo. It has no claim to preference on that account: 
either of the latter giving the anſwer nearer the truth. 
It is, indeed, much eaſter than the ſecond ; but the 
third is preferable, both on account of its caſe and accu- 
racy. | | | 


FROM WM. -:: 
To find the area of the circle, the diameter and cir- 
cumference being given. a . 
The area of any circle is equal to the area of a Tri- 
angle, whoſe baſe is equal to the circumference, and 
its perpendicular equal to the Radius, er half the dia- 
meter. And hence the following 
Ru LE. 5 
Multiply half the circumference, by half the diame- 
ter; the product will be the area required, 
EXAMPLE. 
Suppoſe the diameter be 120, and the circumfergnce 
376.992, what is its area, or ſuperficial content ? 
OPERATION. 


188.496 Half the circumference. 
650 Half the diameter, 


11309.760 T he area required, 


The area of the circle may alſo be found, by multi- 
plying the ſquare of the diameter, by 0.7854, the one 
fourth of the Periphery, when the diameter is 1. | 

EXAMPLE. 
Required the area of a circle, whoſe diameter is 
120, ; e | 


OPERATION, 


Cc 


n 
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OPERATION. | 
14400 Square of the diameter. 
* 7854 Common multiplier. 
37600 
72000 
115 200 
100800 


11 309.7600 The area required. 
p R O B. III. 


The diameter of a circle being given, to find the fide 
of a ſquare, whoſe area ſhall be eq 


to the area of 
the circle. Ds 

All circles are to each other, as the ſquares of their 
diameters. But when the diameter of a circle is 1, its 


area is. 7854. And hence we have the following 


RuLE. 


As 1, the ſquare of 1, is to .7854, fo is the ſquare of 


the given diameter, to the area of the given circle, the 


ſquare root of which, is the ſide of the iquare required. 


EXAMPLE. 
Suppoſe the diameter of the given circle be 12, what 
is the fide of the equal ſquare? | 
|  OyreRaATION. : 
As 1. to. 78 54, ſo is 144, the ſquare of 12, to the area. 
. I44 | = 


113.0976 The area of the circle. 


. Thus 


The ſquare root of which is the ſide of the ſquare re- 
quired. Bo 


rr — 


Thus A 13 0976 (10.634. The fide of the fquare 
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| required. 


_ 1577 : 


2123] _ 
3} __6359 
21 * 100700 
K.. - A 


-_ 5644 


Or, if you multiply the diameter by 0.8862, half the 
fquare root of the circumference, when the diameter | is 
, the product will be the area required. 


Thus 0.8862 
12 The diameter. 


"10.6344 The fide of the ſquare as before. 


Pp RO B. IV. 


The fide of a 5 being given, to find the * 5 
ter of a circle, whoſe area is equal to the area of the 
ſquare. ä 
| 2 This Problem is the converſe of the former ; and 
therefore, if the fide of the given ſquare be multiplied 
by a 12837, the product will be the diameter re- 
quired, | 


EXAMPLE. 


What is the diameter of a Circle, when the kde of the 
equal ſquare is 10,6344. 


Or ERATITION. 


or ME ASURING. 


\ 


OPERATION 
10.6344 Side of AAAS 


1.1283 
319032 ä 
850752 
212688 
106344 
106344 


11 2 The diameter required, nearly 
8 equal to 12. 
RO B. V. 


The circumference of a circle being given 1 the 
ſide of the greateſt ſquare that can be inſcribed in that 


circle. 
If the circumference 
of a circle be 1, the 
fide of the greateſt 
ſquare, that can be in- 
ſcribed within it, is 
.2251 : That is, if the 
circumference of the 
circle ABCDEFGH, 
be 1, the fide AC= 
CE =EG = GA, of 
the greateſt inſcribed 
ſquare AC EG, will 


be .2251. Hence the 


following. 


H 


B 


Ru LE. 


Multiply 2261, by the circumference and the pro- 1 
e WE IINES POnrF-, 6 1 


EX AM p L E. 
fe the circumference of the circle be af. * 


Mo. ide of the greateſt ſquare thas can be inſcribed 


wit? 


Es 


* 1 


# 
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2251 
— 28 
135086 
4502 
5.8526 The ſide of the ſquare required. 
PROM Vi. 


The diameter of a circle being given, to find the ſide 
of the greateſt ſquare that can be inſcribed in that circle, 
If the diameter of a circle be 1, the fide of the great- 
— ſquare will be. 7071: And hence this ge- 


Multiply 3071, by the diameter, and the product 


| will be the ſide required. 


EXAMPLE. 


Wbat ĩs the fide of the greateſt ſquare that can be in- 


ſeribed in a circle whoſe diameter is 140 ? 
OyxRaATI ON. 
77071 
44 
282840 
7071 * | 
98.9949 The ſide of the ſquare required. 


Before we proceed farther in ſolving the Problems, 


with regard to the circle, I ſhall here, my dear Diſci- 


pulus, explain ſeveral terms neceflary to be underſtood, 
before you can proceed with eaſe and pleaſure. For it 


is my intention to render every thing familiar, and im- 


rint the principles on which each rule is founded, 


In A 


armly in your memory. ” 


or MEASURING. 


In the annexed ſcheme 
of the circle AEFBHI, 

AB is the diameter. 

ACSUE=CTE=zCT, 
the Radius or ſemi-dia- 
meter, 

1 t 3 
„ a quadrant, or a | | 
quarter of the circle. EL E T 

FCB, a Sector of the 
circle. : 55 

FB, the Chord of the | 
arch F B. x 11 

CD, the Secant of the ©} ©@ 
arch FbB. | 
BD, the Tangent of | | 
the arch FB. | . . 

FG, the Sine of the 1 
arch F B. „ 

GB, the verſed Sine of the Arch FB B. 

FGH, the Chord of the arch F BH. 

AE, the chord of the arch Ac E. | 

Theſe definitions, my dear Diſcipulus, I * der will 
imprint carefully in your memory; as I ſhallo ten men- 
tion them when I come to meaſuring heights and diſ- 
tances. | 4 | 
Diſcipulus. I ſhould very ill deſerve the trouble you 
have taken on my account, if I ſhould neglect any thing 
you defire ; and therefore give the cloſeſt attention to 
your inſtructions in every particular. 

Philo. I well know that you give the utmoſt atten- 
tion to every agg ol but I thought it neceſſary to give 
you this caution, becauſe it will fave a great deal of 
trouble, when it is abſolutely neceſſary to uſe theſe 
terms. But there is ſomething more than a bare ex- 

lanation of terms to be /learned from this ſcheme. 

he nature and properties of the lines themſelves ſhould 
be conſidered : thus for inſtance, et h 

The Radius, the Tangent, and the Secant, form a 
right-angled triangle, and if the Radius of the circle 
and the arch be given, both the Secant and Tangent 
may de eaſily found, 

| E 6 - "The 


form a OG triangle, 


of the arch BEF, are given; 
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The Sine of an arch, its Chord and verſed Sine form 
another triangle, whoſe ſides increaſe in proportion as 


the arch increaſes. There are ſeveral other particulars, 


ex eb _ 1 of your own mind will readily 
ggeſt, eſpecially when the following Problems are 
thorou ghly underſtood. | | 


3 P R OB. VII. 5 
The Radius of any circle, and the Chord of an arch 


| thereof, being given; to find the verſed Sine of that 


arch. 

In the annexed ſcheme 
CE=CB, the Radins of 
the circle, and BF, the Chord 


to find DE, the verſed Sine 
of the arch BE=Z BEF. 
But CB the Radius, BD 
=; BF, the given Chord, 
and CD, part of the Radius, 


in which the Hypothenuſe CB, and the perpendicular 
BD, are * to find CD; which may eaſily be done 
by the 47th propoſition: of Euciip's firſt book, where 


it is demonſtrated, that the ſquare of the Hypothenuſe 


of any right-angled triangle, is equal to the ſquare of 
the perpendicular, added to the ſquare of the baſe : 
and,. 8 if the ſquare of the perpendicular be 
ſubtracted from the 7 of the Hypothenuſe, the re- 
mainder will be the ſquare of the baſe; the ſquare root 
of which bei — <5 will give the baſe required; 
and the baſe CD, being ſubtracted from the Radius 
CE, — DE, the verſed Sine af ZE, or half the 
arch BEEF. | | 


EXAMPLE. 


Suppoſe theRadius CB = CE, be 2 the Chor 
BF 18, required the verſed Sine DE. | 


OrsR A. 


17 


or MEASURING. 33 


| OPERATION. 
ryo 170=2890e Square of the hypothenuſe CB: 
And go=BD=Half the chord BF. | 
— 
8100 Square of the perpendicular BD. 


Then 28900—8100=20809 the ſquare of the baſe CD. 


20800 (144,2 
I | | ; 


5704 _ 
636 


And the Radius 170—144.2=25.8 the verſed Sine DE. 


required. . 
PRO B. VIII. 


The Radius of a circle, and the verſed Sine ofan welp . 


being given, to find the Chord of twice that arch. 

This is only another part of the above problem, the 
Radius, or Hypothenuſe, and baſe of the ſame right- 
angled triangle are given, to {ind the perpendicular, the 
double of which is the Chord required. 


Ru l. E. 


From the Radius take the verſed Sine, the remainder 
will be the baſe of the triangle: Then take the ſquare of 


the baſe, from the ſquare of the Hypothenuſe, and the re- 
mainder with the ſquare of the perpendicular, the ſquare 


root of which being extracted, and multiplied by 2, wilk 


de the Chord required. 


Fin 
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ExAMPLE, 


_ Suppoſe the Radius be 17e, and the verſed Sine 
26,2, — the Chord of the double arch, 


OPERATION. 
5 170—26,2=143.8, The baſe. 
170 
170 
11900 
170 
25900 Square of the Hypothenuſe. 


34 


143.8 
143.8 
11504 
4314 
$752 
1438 


20678.44 Square of the baſe. 


Then 28 —— 44 8221. 56 The ſquare of the 
perpendicu ar. 


8221. 56 (90. is The ndicular, which 
E. pep ubled, is 181.34, 


1806] "T2156 121 7 \ the Chord required, 
10835 


181211 132000 
126889 


511 


PRO B. IX. | 
To find the area of acircular Sector, the Radius and 
length of the ſectoral arch being Siven. 


A Sector 


or MEASURING 35 


A Sector of a circle, is a figure 
comprehended under two Radii, 
or ſemi-diameters, and part of 
the circular arch : thus in the 
figure annexed, CBA is a Sec- 
tor, comprehended under the two 
Radii, CB, and CA, and the arch 
BA, and the area of it is found 
by the following 


B>——A 
RU k. | 


Multiply the Radius by half the length of the circu- 
lar arch, and the product is the area or ſuperficial con- 
tent required, 0 | | 


EXAMPLE. 


lengt 


Sector CBA. 


OPERATION. 
20 The Radius. 
12 Half the arch, | 
240 The area required. 


th. 


This Rule is founded upon that already given for 
finding the area of a circle, when the diameter, and 


conſequently the circumference, are given ; viz. to mul- 
tiply half the circumference, by the Radius or half the 
diameter. | 


PROB. X. 


To find the area or ſuperficial content of any Seg- 


ment of a circle, when the height and length of the 


chord of its arch are given. 


_ 


A Seg- 


—_— the Radius CB=CA, be 20 feet, and the 
of the arch 24 feet; what is the area of the 
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A Segment of a circle, is a | 
figure terminated by a. right 
line, or chord, leſs than the 
diameter of the circle, and by 
a part of the circumference, 
Thus in the annexed figure, 
ABD is a ſegment of that cir- 
cle, contained under the Chord 
of AB, and the circumference 
ADB and its area may be found | 
by the fullowing F 


Ru. E. 


Multiply the height of the Segment by 0.626 ; add 
the ſquare of the product to the ſquare of half the 
Chord : multiply twice the ſquare root of the above 
fum by two thirds of the height, and the product will 
be the area required. 


EXAMPLE. | 


Suppoſe ED, the height of the circular Segment, be 
x1 feet, and AB, the Chord of the arch, be 37, what is 
the area of the Segment ABD. = 


OPERATION, 
18.5 
18. 5 


925 
1480 
185 


342.25 Square of half the Chord. 


5 0.626 


or MEASURING 37 
0.626 3 | | 
11 Height of the Segment 


D 5 
389.666996 (19.998, 


29] 289 
Il 261 


2991 2866 p 
2601 


2988] 26569 
„„ 
299681 266596 


_ 239744 
"SHES © 


19-988 33 
__ 7.32 Two thirds of the height. 
39976 
99904 
139916 
146.31216 The area required, 2 


This'Problem may alſo be ſolved in a very different 
manner, viz. by finding the ſemi-diameter of the circle 
DCS to CBS CA. This being done, the area of 
the Sector CABD will be ver — * found; and alſo 
the area of the triangle ABC: 'Th n if the area of the 
triangle ABC be ſubtracted out of the area of the 
NN the remainder will be the area of the Segment 
„ | 

By the thirtieth propoſition of Euczip's ſixth book, 
half the Chord af any arch is a mean proportional, be- 


ſame reſult, 


P 4 | 2 « 
TBC is an El- Moat 5 
1 the <1 Bo. 
_ tranſverſe dia- 5 | 1 
meter: Nu, the 


the two Foci of 

the Ellipſis: and TH bot 
bytheiraſſiſtance, | — — 
thePeripherymay Tz 


diameter: that is, 
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tween the verſed Sine, and the remaining part of the 
diameter. If therefore you ſquare AE, or EB, half the 
Chord AB, and divide that ſquare by the verſed Sine 
ED, the quotient will be EF, or the 175 of the dia- 
meter wanting; this added to the verſed Sine ED, will 
give the whole diameter DF, the half of which will be 
the ſemi-diameter CN=CA=CB required. But the 
former rule ſeems preferable ; tho' both will give the 


SKCT. IK 
Of Meaſuring an ELLIS Is. 
An Ellipfis, vulgarly called an Oval, is a figure 


bounded by a regular curve line, returning into itſe 


If 
and formed not from one, but from two centers, called 
the Foci of the Ellipſis. Its two diameters are unequal, 
the longer of which is called the tranſverſe diameter, 


and the ſhorter the conjugate diameter. 


Thus the ad- N 
jacent figure SN 1 


conju ate diame- > 8 ** 1 
ter; bb, BB, two | 
ordinates; a, A, 


be drawn in a manner that will be ſhewn hereafter. 


If the tranſverſe diameter 8 T be interſected, or divided 
into equal parts, by an ordinate rightly applied, that is, 
drawn parallel to the conjugate diameter, as at the 
the points a, C, A, &c: Then are thoſe parts T A, 
* Ge T a, and Sa, SC, S A, uſually called Abſciſſæ, 
or parts cut off; and the Rectangle of any two parts, 
being added together, will be equal to the tranſverſe 


TA 


they - 


Latus Rectum. 
LE thus found, is that 


ed: therefore it is the 


numbers, the 


general 
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TA+SA=Z=TS, and FC+SC=to TS: 
Every Elli ben propor . 
Every Ellipſis is pr oned, and all ſuch lines as 
relate to it are regulated, by the following | 
„„ THEOREM. COLES 
As the Rectangle of any two Abſciſſæ in general: is 
to the ſquare of half the ordinate which divides them. : : 


ſo is the Rectangle of any two particular Abſciſſæ: to 


the ſquare of halt that ordinate. which divides them. 
There are ſeveral methods uſed by authors, for find- 
ing the Latus Rectum, or third principal line in the El- 
lipſis, but I think none fo eaſy as the following 
As the tranſverſe diameter: is to the conjugate : : | 


ſo is the conjugate: to the Latus Rectum: 


That is, as FS: N. 1. N. M 
:: NA: to LE, the 2 8 


Henceitisevident that 
ordinate by which the 8 


other ordinates may be 
regulated, and diſcover- 


Latus Rectum. E HK 7 | 
Hence it follows, that if the tranſverſe and conjugate 
diameters of * eu are given either in lines or 
atus Rectum may be eaſily found ; and, 
conſequently, any ordinate, whoſe diftance from the con- 
* diameter is given. — 
The focus of any Ellipfis, is the diſtance of the La- 
tus Rectum from the conjugate diameter, or middle of 


the Ellipſis; and that diſtance is always a proportional 
between the half ſum, and the half difference of the 


tranſverſe and conjugate diameters. And hence this 


THEOREM. 


From the ſquare of half the tranſverſe-diameter, ſub- 
tract the ſquare of half the conjugate ; the ſquare _ | 
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of their difference, will be the diſtance of each focus from the 
my, —_ — ————ů— ped _ MY the 
= at is, ſuppoſin ints Fan to true ter 
Foci, viz. FC =Cf; and FC g= TS, NCS Nu. cu 
Then as 3 
TC TNC: C:: FC: TC NC. Therefore 
the ſquare of F C = the ſquare of LC — the ſquare of ec 
NC. Conſequently F C=y/ TC*—NC*. And hence th 

is derived that noble propoſition on which both the 


uſual method of defcribing an Ellipfis, and drawisg te 
Tangents is founded. e b 

PROPOSITION. OT | 
If from the two Foci of an Ellipſis, there be drawn f 
two right lines, ſo as to meet each other in any point of 9 
the Periphery of the Ellipſis, the ſum of theſe lines will e 
be equal to the tranſverſe diameter: that is F 

_ fFN+FN=TS. fFL+FL=TS. Or, FB+ 

 Bf= FS. | 


As this propoſition holds good for every point in the 
* of the Ellipſis, it is evident, that if the 
ends of a thread juſt the length of the tranſverſe diame- | 
ter I 8, be put round two pins, fixed in the Foci of the 
Ellipſis, and moved round by a point in the be Ellas. 
that point will deſcribe the true Periphery of the Ellipſis. 
Let AB, be thetranſ- | . 
verſe diameter of an El- 
lipfis AFBG; GF its 
755 * diameter, and 
A E, its eircum- 
ſcribing circle: then, 
Becauſe in the circle 
as ACX CB: APx Br-—p 
BP : : the ſquare of \ - | 
CD: the ſquare of \ 
PN; and in the Ellip- 


| N S | 


Zn 


\ 


C7 
ö 


ſis ACx CB: AP oO 
BP : : the ſquare of R 
CF : the ſquare of ä 


PM ; therefore it will 55 
be as, CD: CF: PN: PM; or as AB: FG: NR: 
to MQ. But all the N Rs, SS's compoſe the — | 


os MEASURING. 4 


the circle, and the ſame number of MQ's form that of 
the Ellipſis. Hence as AB: F G, or the longerdiame- 
ter of the Ellipſis to the ſhorter, ſo is the area of the cir- 
cumſcribing circle, to the area of the inſcribed Ellipſis. 
Wherefore as the ſquare of the diameter of the circum- 
ſcribing circle, is to the Rectangle of the tranſverſe and 
eonjugate diameters of the Ellipſis; ſo is the area of 
the circle, to the area of the Ellipſis. 

Hence as the circle is to its circumſcribed ſquare, or 
to the ſquare of its diameter; ſo is the Ellipfis to its cir- 
cumſcribed Parallelogram, or to the Rectangle of its 
two diameters. 1 os 
Hence the area of an Ellipſis may be eaſily found: 


for the ſquare root of the Rectangle of its two diame- 


ters, will give the diameter of a circle, whoſe area is 
equal to the area of the Ellipfis. 


Hence, alſo, as the area of any Segment of the Ellip- 


ſis, is to the area of the correſponding circular Seg- 
ment, ſo is the conjugate diameter of the Ellipfis, to its 
tranſverſe. DEE | | 
Hence the area of any Ellipſis is found by theſe gene- 
ral rules, 5 | e 


RL E I. 


Multiply the tranſverſe diameter, by the conjugate, 


and that product by 7854, the area of a circle, whoſe 
diameter 1s 1 ; the 
EXAMPLE. 


Suppoſe the tranſverſe, or longeſt diameter be 40.5» 
and the —_— or ſhorteſt 30.4; required the area 
of the Ellipſis. „ | 


OrpERA- 


# 
— K 23 — - 
— — : —-— 7 — — —— ˙ü 222 — —— — — 


aſt product will be the area required. 
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Orznarion- 


40.5 
30.4 
1620 - 
12150 
| 1231.20 
- | * 
= 492480 
615500 
984900 
861840 
965. 984 1 180 The. area required, 


Ruiz . 


ExtraQt the * root, out of the Rectangle of the 
tranſverſe and conjugate diameters, and the reſult will 


de the diameter of 2 circle, * area is to the 
area of the Ellipſis. 


Krit 


Suppoſe the tranſverſe diameter be 40.5. ard the con- 
jugate * +5 what is the area ? 


Or ERATIOR. 


40.5 7 
238.4 | | 
1620 | 


12150 . 


1231.20 


or MEASURING. 5 
1231.20 (35.088 The diameter required, 
4 | _ 
550 331 


5054 
70168] 593500 
5 8434.4 1 
32256 | 
But the circumference of a circle, whoſe diameter is 
1, is 3.1416 ; conſequently the circumference of the 
given circle is 3.1416 x 35.088, or 110.232, &c. the half 
of which is 55.116: conſequently. | | 
5 5. 116 Half the circumference, 
17.544 Half the diameter, | 
220464 | 
220464. 
275580 
385792 
1 | 
g96.935104 The area required, nearly 
| the ſame as before. 


. 
Of Meaſuring a P ARABOL A- 


A Parabola js a curvilineal figure, made by the 
2 of a Cone, cut by a Plane parallel to by one of its 
lides. : | 
In order to explain this definition, which will be 
clearly underſtood, when I come to ſhew the manner of . 
finding the ſolidity of a Cone, I will ſhew a method of 
deſcribing it in Plano, | 


f * 
72008 **62000 | 


Draw 
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Dru a2 | 
right line as B& 5 3 LMR 
IB, and aſ- — 

ſume a point 
C, without 
it; then in 
the ſame 
Plane, with 
this line and 
point, place 

a ſquare rule 
DEF, ſothat 
the _ DE 
may ap- 3 ä 
plied to the - | Tt 
right line AB, and the other FE turned to the ſide on 
which the point C, is ſituated. This done, and the 
thread FGC, exactly the length of the fide of the rule 


FE, being fixed at one end of the extremity of the 


uare, as at F, and at the other to the point C, if you 
ſlide the fide of the rule DE along the right line AL, 
and by means of a pin, G, continually apply the thread 
to the fide of the rule EF, ſo as to keep it always 
{tretched as the rule is moved along, the point of this 
pin will deſcribe the Parabola GHO. 
- In the above figure, the right line AL is called the 
Directrix. The point C is the Focus of the Parabola. 
All perpendiculars to the Directrix, as LK, RQ, are 
called diameters ; the points where theſe cut the Para- 
bola, are called its Vertices ; the diameter BI, which 
through the Focus C, is called the Axis of the 
arabola, and its Vertex, H, the principal Vertex. A 
right line terminated on each ſide by the Parabola, and 


biſected by a diameter, is called an Ordinate Apphcate, 


or ſimply the ordinate to that diameter. A line, equal 
to four times the Segment of. that diameter — 
between the Directrix, and the Vertex is called the La- 
tus Rectum, or Parameter of that diameter. A right 
line which touches the Parabola only in one point, and 


being produced on each fide falls without it, is a Tan- 


gent to it in that point. | 
WR 1 The 
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or MEASURING. * 


The area of every Parabola is equal to two thirds g 


its circumſcribing Parallelogram. 


DEMONSTRATION. 


Let the hgure, 


SAB, repreſent half G .S £ 9 5 al. 
the Parabola; draw 7 r 
4B, parallel to the | — = 
Axis SA, and 8d C— BY 


parallel to the ſemi- 


ordinate AB; and | Li . ö 
ſuppoſe Sd to be . 

divided into an in- — — 
finite ſeries of equi- | | | 


diſtant points, as /, g, h, &c. and from theſe points 
imagine a ſeries of parallel lines, viz. fm, gn, hp, &c. to 
touch the curve of the Parabola, and meet the ſemi-or- 


dinates, ma, ne, yp. 1 
(As SA : AB! : Sa: am. 
Then it will be 145 SA: AB*: : Se: en*. 
: As SA: AB“: : Sy: yp*, &c. 
But S a fn. Se=gn. Sy=bp. SA =dB, 


Therefore agate} As 4B :: oof 4 A 


| "| | 


ly it will be J AB: : 4B +: am? : fin 

In theſe proportions a m, en*, yp*, &c. are a ſeries 
of ſquares, whole roots Sf, Sg, S h, &c. are in arith- 
metical progreſhon, beginning at the point S. And 
| becauſe the lines hp, gu, fm, &c. have the ſame Ratio; 
therefore they are a ſeries of ſquares, wherein 4B, is 


the greateſt term, and 8 4, the Number of terms. 


Conſequently 4BxS4= the ſum of thoſe lines. But 
SAXAB=4dB x$S4.: Therefore S A AB = the 


ſum of allthe ſeries of lines; but all thoſe lines conſti- 


tute the area of the ſemi-parabola's complement; or the 
area of what half the Parabola wants of completing, or 
filling up the Parallelogram Sd A. . 


\ 
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| 
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_ Wherefore SAXAB—jSAXAB=2SAXAB, will 


be the area of half the Parabola SAB. Conifequently 
FSAXbB, will be the area of the whole Ty bSB. 


EXAMPLE. 


Suppoſe 4B the baſe, or greateſt ordinate of a "TY 


pbola, 24; and SA its i diameter, or Axis 
—535 required the area, or ſupe rial content 1 


Or E RATIO. 
6622 8 A. 
a 24=bB. 
2564 
132 
An 


Then 3) 1584 (528. The area required. . 
*. n 


5 


24 | . 
24 
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The application the above Rules to the a MENSURA- 
ION Fall kinds of SUPERFICIES, 


E have now, my dear Diſcipulus, gone 
through the ſeveral rules, on which the 
rt of practical Menturation is founded; let us there- 
ore now proceed to ſhew the methods uſed by artiſts 

in putting thoſe rules in practice: and I will venture to 
ſay, that if you liſten with the ſame attention you + 
have hitherto done, you will find no difficulty in this 
part of the taſk. | 

Diſcipulns, You may depend upon it, Sir: nothing 
in my power ſhall be wanting. Indeed it would be 
very ungrateful, if I did not ſet the higheſt value on 
rour inſtructions, as I have already profited by them 
in fo remarkable a manner, | | 

Phils. It gives me the higheſt pleaſure to find you are 

ſo fond of your learning: I with all youths would imi- 
rate your example; they would never then think their 
taſks irkſome, nor the pains they took in underftanding 
their lefions ſpent in vain. But leaving theſe reflec- 
tions, we will proceed to ſhew the beſt methods of put- 
ting in practice the foregoing rules of Superficial Men- 
turation. EW | bs 


Phils. 


CHAP. 1. 


Of the art of MeasuRinG LaND ; generally called SUR»: 
Dy VEYING of LAND. | 
\ URVEYING, or the Art of Meaſuring Land, im- 
plies the act of taking the dimenſions of any field, 
parcel, or tract of land, laying down the ſame in 2 
or draught, and caſting up the contents, by the methods 
alzeady delivered for the menſuration of ſuperficies. | 
| As this art is of the utmoſt importance to all owners 
and occupiers of land, I half endrarour to explain it 
in the eaſieſt and moſt intelligible manner; and. ſhew 
how any field, of whatever figure it be, may be mea- | 
ſured, rotracted, and caſt up, with the help of chains, 
compaſſes and ſcales; and afterwards endeavour, in the 


F2 moſt 


links, ſet down with a dot of your pen betwixt them. 
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moſt eaſy and conciſe manner, to ſhew the uſe of the 


Plain table and other inſtruments uſed in ſurveying. 


Ser. 


Of Surveying by the CHAIN, Couras SES, and 


SCALES only, 
This. method of meaſuring land is generally uſed 


where the quantity is ſmall, as that of one, two or- 


three fields; and therefore often called for: as the far- 


mer frequently agrees with reapers and mowers, to reap 


or mow his corn at a certain price, for each acre. But 

fore we proceed to explain this method of ſurveying, 

vill be proper to deſcribe the neceſlary inſtruments, 

t-. b 
Concerning CHAINs, Cour Ass ES, and SCALES, 

I. Amongſt the many ſorts of chains uſed for meaſur- 

ing land, three are chiefly eſteemed, and which bear the 


names of their inventors, Rathbone, Gunter, and Wing; 


all of them ingeniouſly divided, and uſeful in their kind; 
but the deſcription of one being ſufficient for our pur- 


2 we ſhall deſcribe that invented by Mr. Gunter, as 


ng moſt in uſe, and caly to be procured. _ 
This chain contains in length four ſtatute-poles or 


perches, each perch containing 16 feet and a half, or 5; 


yards and a half; ſo that the whole chain is 66 feet, or 
22 yards long. 
his chain is divided into 100 equal parts, or links, 


whereof 25 are a juſt pole or perch ; and for ready count- 


ing, there is uſually a remarkable diſtinction by ſome 
plate or large ring at the end of every 25 links, but e- 
ſpecially at the middle of the chain, which ſhould 
differ * the reſt in greatneſs and conſpicuouſneſs. 
Alſo at the end of every tenth link, it is uſual to hang 


a a ſmall curtain- ring; and if there be at every five links 


end a piece of wire, made like the bow of a link, with a 
mall ſhank, an inch or leſs long, or ſome ſuch diſtinc- 


tion, it will be {till better. 


When you are to meaſure any line by this chain, you 
need regard no other denomination than chains and 


"yy 


— 


or MEASURING. 49 
For example, if you find the fide of a cloſe to be 6 
chains and 35 links long, it is thus to be put down, 


6. 35. | | 
But if the links be under 10, a cypher muſt be pre- 
fixed; ſo 7 chains ꝗ links muſt be thus expreſſed 7. og. 


II. In the uſing of this, or indeed any other chain, care 


mult be taken both to go ſtrait, and to keep a true ac- 
count; for which purpoſe it is neceſſary that the per- 


ſon who goes before ſhould carry a bundle of rods, to 
ſtick down at one end of the chain, having ftrft ſtretched 


it well ; and that he who follows, ſhould gather up the 


rods, keep the account exact, and alfo, at every remove, - 


obſerve whether the leader is directly between his eye 
and the angle, or any other mark, towards which he is 
meaſuring. | | | | 
III. Compaſſes are fo well known, that it is needleſs 
to give any other deſcription of them, except that they 
| ſhould be made of braſs, with fteel points, ſmall and 
neatly wrought, g or 10 inches long, from the joint to 
the points, turning ſo truly upon the rivet, that they 


may be eaſily opened, and yet ſtand fo firmly, that an 


arch or circle may be, without their ſhrinking, deſcribed 
upon a large Radius. 


IV. Scales are certain lines divided into equal parts, 


upon plates or broad rules of braſs or box, and they are 
ot two forts, firft, plain; ſecond, diagonal. 
I. Plain fcalesare made up of two ſmall lines, parallel 


to one another, and at a little diſtance, and theſe are 
divided into large equal parts, which fignify tens, and 
are noted 10, 20, 30, 49, 50, &c. according to the length - 


of the lines. 
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_ uſual upon the rules, and indices of plain“ 


20, to the ſhort line K. 


_ diviſion may be counted as it is upon the 


not c rable, they may be conveniently 
- uſed,” accounting the tens and units, for 
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According to the numbers ef theſe little 
parts contained in an inch, it is named, 
A Scale of 10, 11, 12; T6, 20, 24, 30, &c 
in an inch. The annexed figure marked A, 
is of 10 in an inch, fo noted at the top, as is 


tables. The line marked O Q, ſeparates 
units and tens; units being taken upward 
trom that line, and tens downward, but mixt 
numbers both ways. 


"EXAMPLE. 


Seven is the extent of the compaſſes up- 
on the fcale A, from the line QQ to K; 
39 is their extent from the line OQto the 

;ttom ; and 27 is the extent from the line 


Theſe plain ſcales, eſpecially the ſmaller 
ſorts of them, fuch as 24, or 3o in an inch, 
are very proper fo drawing figures upon 
Paper, where the numbers reprefented by 
the lines are not above 100, for then every 


icale, or above upon a longer ſcale. 

Alſo, in the ſurveying of foreſts, chaſes, 
and extenſive commons, where the lines are 
vaſtly long, and the miſtake of a few lines is 


many whole chains, and ſo eſtimating 
the parts of a chain with the compaſſes, upon 
the ſmall diviſions. But it would be much better. for 
ordinary meaſuring, if the grand diviſions of the ſcale 
were each two inches, for then the ſmaller diviſions 
being of 5 in an inch, would be ſo large as to be ſub- 
divided into 5 each, which repreſents 20 links; and 
then the half of one of thoſe lefler diviſions, ſignifying 
10 links, and the quarter 5, it is rendered eaſy for the 
moſt common capacity, ta come very near the truth by 
eſtimation, 


2. The 


| ealy to be 
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* 2, The Diagonal Scale is 
ſo well known to every mathe- 
matical inſtrument-maker, . fo 


way fo fitted to Gunter's 
chain, that we cannot but 
highly recommend it to every 
ſurveyor. | 

It 1s made as appears by the 
figure in the margin, upon 11 
parallel equi-diſtant lines, ſo 
as to include 10 equal ſpaces, 
which are all cut at right 
angles T7 tranſverſe lines 
dividing them all into 4 equal 


parts. : 
One of theſe tranſverſe lines, 


viz. PR, where it toucheth the 
firſt and laſt lines, ſeparates 
between the hundreds, or whole 
chains, and the tens, repreſent- 


ing 10 links a piece, the chains 


being numbered downwards on 
the left hand from P only to 
3, but on the inſtrument it- 
ſelf they may go on to q or 
10; but the tens upwards fo 
1 to 10. | | 
From the points of diviſion 
into tens upon the firſt line, 
beginning at P, to the like 


points beginning at R in the laſt Tine, are g Diagonal 
lines drawn, the firſt beginning at P, and ending at the 
firſt diviſion above R. The ſecond beginni 
firſt diviſion above P, and ending 
R. In a word, they are all drawn from one diviſion 
leſs from P, to one more from. R; by which means every - 
Diagonal, by that time it hath paſſed from the firſt line 

to the eleventh, is a whole tenth part of an inch, which 
anſwers to ten links of the chain, farther diſtant f 
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the line PR, than at the points upon the firſt line 
whence it was drawn. 5 
Every one of theſe Diagonals is divided into ten equal 
parts, by the long parallel lines running through the 
whole of the ſcale, and numbered on the top from 1 to 
Whereby it is evident, that the interſection of 
the 9 parallel lines that are numbered at the head with 
it any Diagonal, muit be farther diftant from the line 
i! PR, than the interſection of the line next before it, 
| with the fame Diagonal by 1 of ; that is, by 188, 
which anſwers to a fingle link of your chain. - ; 
From what hath been ſaid and the in ſpection of the 
figure, theſe things plainly follow: which, as ſo many 
clear inſtances, will help you to underſtand it fully. 

Ihe diſtance from PR, to the ſecond diviſion below 
it, anſweretn to two chains. 

The diſtance from PR, to the eighth diviſion upward, 
being taken, with compaſſes, upon the firſt line of the 
11 from P to 8, anſwereth to 80 links. | ES 
Conſequently the extent of the compaſſes from the 

ſecond grand diviſion below P, to the eighth of the leſs 
| —_— upward, is proportionable to two chains 80 
U The diſtance from PR, to the firſt Diagonal being 
taken upon the parallel line, noted with 9g above, an- 


| + ſwers to 9 links: Where obſerve, that the firſt Diago- 
nal is not that which is noted with 1, but that which is 
1 drawn from the point P. 
Tue diftance upon the ſame line, from PR to the 
1% . that is marked with 7, is equal to 79 links. 
he extent of the compaſſes from the bottom of the 
figure upon the ſame line to the ſame Diagonal anſwers 
to 3 chains 79 links. - 
n ſhort, the chains may be meaſured upon any line 
PR, to the given diviſion noted with the given num- 
ber Decads alone, or chains and Decads upon the firſt 
line where the Diagonals begin. Links alone, Decads 


— — 
— — — ⏑ „ * — 
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with links and chains, and Decads with links 1 
| upon that line, where the number of the odd links 


ſtand at the head of the ſcale. a : 


ry 
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Hnw to caft up the content of a Figure, the lines being given 
5 * in — and [nks. | 


Having deſcribed theſe E inſtruments, and in 
ſame meaſure ſhewed the uſe of them in general, it is 
very proper in the next place, to teach their joint uſe 
in meaſuring and protracting; but becauſe I would 
have you and every young ſurveyor, before I take him 
into the field, able to perform the work entire, I intend 
to ſhew : | | 

1. How he ought to make his computations. 2. 
The grounds, or principles that will juſtify him in ſa 


doing. | 

| For the firſt, the following rules are neceſſary. 
1. Put down your length and breadth of ſquares and 
oblongs, and your baſes and half perpendiculars of 
triangles, directly under one another, expreſſed by 
chains and links, with a dot betwixt, as we have be- 
fore obſerved. | | | 


2. If the odd links are under ten, put a cypher before 


the numeral figure expreſſing them; and if there be no 
2 — but all even chains, put two cyphers after 
the dot. | 5 


z. Multiply length by breadth, and bafe by the half 
perpendicular, according to the rules already given for 


finding the content of figures. 

45 F rom their product cut off five figures, account- 
ing cyphers al ſo for ſuch, reckoned from the right hand 
backward, with a daſh of your pen, ſo ſhall theſe to the 
left hand ſignify acres, : _ 

5. If thoſe 5 figures cut off be not all cyphers, mul- 
_ tiply them by 4, and cutting off 5 towards the right 
hand again, the reſt will be roods, or quarters. 

6. If amongſt theſe 5 figures towards the right hand, 
that were cut off at the ſecond multiplication, there be 


=_y figures befides cyphers, Gy all the 5 by forty, 
an 


cutting off 5 again by a daſh of your pen, thoſe 
— the left hand ſignify ſquare perches, poles, or 
roods. + 
This will be more fully explained by the following. 
| examples. . ; 


E Quesrion 


8 
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QuzsTIor I. 
What i is the content of a So ahh ſides are every 


ene of them 7 chains, 25 links? 


Arsw. Five acres, 1 Rood, and 8 as appears 


by the above operation. 


Qs Tion II. 


In a lon fquare whoſe length is 14 chains, and the 
un 60 ains 5 links, what is contained? 


Length 14. oo 
Breadth 6.05 
7000 

_ $400 
8147000 


1188000 


O 
— 


1 E and 
se 1, "= perches, a Go 


 QuesTIONn 


QuvezesTIioNn III. 


1 


In a triangle, whoſe baſe is 3 chains, and half tze 


perpendicular 98 links, what is the content : 
| The bale 3.0 
Half perpend. o. 98 
| 2400 
2700 


. [29400 


<< 


1117600 
40 
7104000 


Answ. No acres, 1 rood, 7 perches. ; 

There are other ways of computation by ſcales, 
tables, &c. as will appear by the following obſervations. 

1. It is evident, that by this method of multiplica- 


tion, the product is ſquare links; for every chain being 
ico links, the multiplying 7.25 by 7-25, or 725 12 725 
TA 


is the ſame with or without dots; for the dots 


ſomething as to conception, but nothing in operation. - 


The product therefore of the firit example was reall 
575085 links. EY 
2. 


very chain being 4 perches long, it follows, that 
5 Chains, ar 20 perches 4 length, and 2 chains, or 8 
perches in breadth make an acre, or an 160 iquare - 


perches ; for 20 being multiplied by 8, gives 160. 
3. From hence it plainly follows, that there are ex- 
actly rooccoo ſquare links in an acre; for 5 chains mul- 


tiplied by 2, is the ſame with 50 links by 200, which 


makes roooo0o, And it is an old but plain rule, that 
when the diviſor conſiſts of 1 and cyphers, as 10, 100, 
1000, loco, looo, &c. cut oft from the right hand 


as many figures of the dividend as the diviſor hath cy- 


phers, accounting them the remainder; fo will the 
reſt on the left fide 

that 525625 fquare links, make 5 acres, and 25625 
ſquare links over. | 


Thus, as far as relates to acres, we have made it 


plain to every capacity, that the rules for computation 


are 
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be the quotient. It is evident then, 
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the rood or quarter, but as 4 parts or quarters o 
links, or which is the fame, as the true number of 
ſquare links, multiplied by 4, and conſequently being 
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are good. We ſhall next proceed to roods and perches, 
though it might be ſufficient to mention that known 
rule in decimal arithmetic, which multiplying decimal 
fractions by known parts, gives thoſe known parts in 
integers, due regard being had to the ſeparation, We 
ſhall proceed thus: if 25625 ſquare links, which remain 
above an acre, contain any quarter or quarters of an 
acre, then if they be multiplied by 4, and divided by 
100000, that is 5 cut off from the product, they will 
contain ſo many acres as now they do quarters, or roods, 
for any number of quarters multiplied by 4, will of 


courſe produce the like number of units or integers ; 
the diviſion only reduces them into the _ denomi- 
nation. Now, 25625 being multiplied b 


Y 4, and 5 
figures being cut off from the product, the refult is, 
1102500, that is an acre and above ; which ſhews it was 

above a quarter before it was multiplied by 4. 
And to find how much, that is, how many ſquare 
hes are contained in this laſt remainder, you muſt 
conſider this 2500, not as ſquare links remaining above 
— 


multiplied by 40, the fo part of the ſquare perches 


in an acre, it mult as often contain 100009 ſquare links, 


or an acre, as the quarter of this number 2500, viz. 625 
fignifying ſquare links, contains ſquare perches; for 
tooooo divided by. 160, the number of perches in an 
acre, gives 6.25, anſwering to 1 perch, and 2500 multi- 
plied by 40, gives 100000, or 1 acre, the 5 cyphers be- 
ng cut off, | 


2500 160 100 00062 5 
„ 1 
Joo 400 
| 320 

800 
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How-to meaſure a cliſe, or parcel of land, and to pratrae it, 


and give up the content. 


All cloſes, or parcels of land, are either ſuch as need 
not be plotted for finding their true meafure, but the 


chain alone does the work; or ſuch as cannot be con- 


veniently meaſured without plotting or protraction. 
Of the frit fort are the ſquare and long ſquare, 

known before hand to be ſuch, or found fo to be by 

ſuch inftruments as are not yet deſcribed, or by mea- 


ſuring all the ſides and Diagonals. Theſe ſquares and 


Paral lelograms need no protracting; for you need only 
multiply the chains and links of the breadth, and proceed 
as in the firſt and ſecond examples; but all other figures 
whether triangular or muſtangular, are to be protracted. 
We ſhall give examples therefore in the 3 ſorts of 
figures, Triangular, Quadrangular, and Multangular. 


But before we proceed to particular inſtances, let the 


young practitioner reme hh hy | 
1. Lo begin at ſome particular angle of the field, 
where there is a houſe, gate, ſtile, well, or other mark; 


and if there be none, then to dig up aclod, and drive a 


ſtake, or at leaſt obſerve, whether it is ſituated in the 


eaſt, weſt, north, or ſouth corner of the field, and*on 


your paper mark it with the letter A, or any other. 

2, Lo go parallel to the fide of the field, if you are 
not obſtructed by pits, buſhes, &c. and if you are, to 
allow for it; accuſtoming yourſelf te go conſtantly 
with the ſame hand towards the hedges, walls, or pales ; 
and when you go contrary to your uſual cuſtom, note 
it on your paper, by ſome mark known to yourfelf.. 


3. To ſet down the chains and links of every fide as 


you meaſure, and not truſt your memory; for which 
purpoſe, a black lead pen will be very proper. 

4. To take care. if you have more ſcales than one 
upon your rule, that you do not confound yourſelf by 
taking oft lines from ſeveral ſcales, or meaſuring 4 
diculars upon wrong ones; for every line of the ſame 
figure mutt be made by the ſame ſcale, and the per- 
pendiculars meaſured by it. ; oo 


ü . 5. To 


4 


| 
| 
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5. To make uſe of a ſcale of larger diviſions when 


meaſure great ones. | EE 
6. Lo make your lines and points where angles 

meet, ſmall, pure, and neat. | 

.. Fo ſet on your chains and links at twice, when 

any line is too long for your ſcale. 

Thheſe things being premiſed, proceed thus : 

I. Suppoſe a triangular field is to be meaſur. 

ed with the | | | 

chain: be- | 


der mea- 4 
— - ws _—. 
. verally thus; þ# 5 ES | 3 
2.29, 345 Ce 4: 07 © — 
4er. 8 - | 
Making uſe of the leſs Diagonal ſcale, becauſe the 
| other would make the figure too large, otherwiſe it were 
more proper for fo ſmall a cloſe ; with your compaſles 
take off the ſcale 4 chains and 7 links, and ſetting them 


ſame ſcale, and ſet them in the eaſtern point A, and 
turning the. looſe foot of the compaſſes above the line 
at C, deſcribe at that diſtance 2 29, the arch EF. 


ſcale, the extent of 3 chains 45 links, place one foot 


interſecting the former in the point B; and drawing 
the lines AB, and BC, the triangle ABC is the plot 

of the triangular field meaſured. 5 
But before you can give up the content, you muſt 
find the length of the perpendicular, which is done by 

ſetting one foot of the compaſſes in B, and extendin 
the other to the baſe AC, ſo as to touch, without 3 
ſing over it, for then the length of the perpendicular is 
between the points of the compaſſes, and be 


you meaſure ſmall cloſes, and of imaller when you 


. from A to C, draw that line for the baſe, as being the 
| longeſt of the three; then take 2 chains 29 links off the 


Next taking with your compaſſes upon the ſame 


in the point C, and with the other make the arch FE, 


ing applied 
to 
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me points of the ſame ſcale, by which the triangle 
ABC was made, it appears to be 1 chain 42 links. 
With the half whereof multiply 4.07, the length of 
the baſe, the content appears to be noacres, 1 rood, 6 


perches. pn 
The baſe 4.07 
Half perpend. 0.71 
: ge7 
8 2849 
ü 28897 
4. 
1115588 
5 : 6123520 
II. Suppoſe you were to meaſure a quadrangular, 
or four-cornered field, begin, as before, at fome re- 
markable angle, and going round the cloſe find the 
ſides to be 9.04, 6.72, 8. 46, 7.28, and the Diagonal from 


that remarkable angle to the oppoſite angle to be 10.02; 
we begin to protract it thus: 


Having by the help of your | 
ſcale and compaſles drawn the C 6:72 — B. 
Diagonal 10. oa, from the re- 3 
markable angle A to C, the EN 
oppoſite angle, make a tri- * 
angle of it, and the firſt and J 
ſecond ſides 9.04 and 6.72, and 
another after the ſame method 
_ of that Diagonal, and the third 
and fourth ſides 8.46 and 7.28, 
ſo you have the T rapezium — 
ABCD. 9 5 F 

Then by the help of your ſcale and compaſſes, you 
will find the perpendicular of the triangle ABC to be 
6.02, and of the other, via. CDA 6.01, which added, 
are 12. og, Whereof the half ſum is 6.01; by which mul- 
tiplying the baſe 10.02, the content of the field will be 
6 acres, no roods, 3 perches. 


. The 
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The baſe 10.02 
The perpend. 6,01 | 
| 1002 
60120 
Go % 
4 
08808 
8 
| 31152320 

Before we proceed any farther, it is neceſſary to 
obſerve, | | | 

1. Any Quadrangular cloſe, or parcel of ground 
whatſoever, having right lines, may be thus meaſured, 
protracted, and computed. 

2. The odd meaſure below perches is not regarded 
here,'nor in the former computations, being always un- 
der a ſquare perch; but in Multangulars, where there 
are many remainders, they muſt be ſummed up, and 
the perches contained in them added to the content be- 


fore found. 


3. This, and the following fi ures, are made, that 
they might not be too large, 4 a ſcale of 400 in an inch, 
that is, by the lefler Diagonal ſcale, each chain and 
link being 1 2 two. 3 5 

III. If the Mul- F. 177h 2.2. 


tangular figure in 


the margin, be con= N 
cei ved to repreſent 0 
a cloſe of ſeven ſides, 


which is to be mea= my 
f{ured, begin at the 7 
remarkable angle A, WI 
and en the 
cloſe, find the fides, F 
will be 3.11, 2.49, 
2.47, 1.77 +1, 
__ 4.87. : | 
hen meaſure the four Diagonals, BD, DF, FB, 
and BG, in order, you will find them to be 3.45, 
| Ol” 4.97 


n 


— 


% — 282 oo rw, rp 
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* 


* 


taken to prevent unneceſſary walks. 

But when you come to protract by the help of your 
ſcale and compaſſes, firſt make the triangle BCD of the 
firſt diagonal, and the ſecond and third fides. Then 
_ the triangle DEF upon the ſecond Diagonal, and fourth 
and fifth ſides; and upon the ſame Diagonal, as a com- 
mon baſe, the triangle BDF of the firſt, ſecond and 
third Diagonals. | 

Next of the ſame third Diagonal, together with the 
fourth Diagonal and the fixth fide, make the triangle 


4.97, 4:13, and 4.36 ; which is as ſhort a way as can be 


BFG, and upon the fourth Diagonal, as upon a common 


bafe with the firſt and laſt ſides, the triangle ABG. So 

is the whole cloſe plotted. | 
And now it ſtands viſibly reduced into two Trape- 

zias ABFG and BDEF, together with the triangle 


BCD, which we ſhall not now caſt up, having already 


frequently ſhewn the method of doing it. 


But it muſt be acknowled that this method of 


plotting parcels of land, which have many angles, re- 


quires not only more care and pains, but better ſkill 


and memory, than to draw Diagonals upon paper, when 


the plot is already taken by plain table, or other 


ſtanding inſtrument. We thall therefore to aſſiſt our 
oung practitioner, inform him of two ways to prevent 
bs being liable to any miſtake. 

One is to divide the Multangular field into two 
or more parts, as the laſt might have been by the 
Diagonal BF ; then might each part have been mea- 
ured ſeverally, as if they had n ſeparated by a 
pale, or were the property of different men, —_ by 
a boundary. | 

The other is to draw a rude draught of the figure 
of the land you intend to meaſure, not only as to the 


ſides, but alſo neceflary Diagonals. Then meaſur- 


ing the lines upon the ground, correſpondent to thoſe 
on the paper, ſet the lines as you meaſure them 
upon the lines of the _—__ as if it were the true 
one, and when you have finiſhed the meaſuring, pro- 
tract it truly. | | ” | 


g 
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Concerning the meaſuring of circles, and their parts. 


It is very I a Land- Meter ever has occaſion 
to meaſure an d, or parcel of land, that will prove 
either Circle, Semi- cirele, Quadrant or Sector. Some- 
times, indeed, there will be a- little crook in an old 
hedge bawing like an arch; tho' I have never ſeen 
any offer to meaſure it as a Segment, but always take 
it as an angle, or angles. 
But that which moſt. 
frequently occurs in Men- 
ſuration, though ſeldom 
much regarded, except 
where a 14. —— | 
is required, is that parti- 
cular fort af Segment, 
which is leſs than a ſemi- 
circle, ſuch as this figure 
content of it, the center 
of the circle; whereof this 


- i > Seancnt, elf be felt fonnd, as here 8 ©; forma 


which lines drawn to A and B, make up the Sector 
AOBC; which being meaſured according to the laſt 


rule, and from. the content thereof, the content of the 


triangle AOB ſubtracted, the difference or reſidue is the 
content of the Segment ABC. 

But two queſtions may be here demanded. 

1. How may the center be found? 2. How may 
* portion of land be truly protracted and com- 
puted ! | . | 

To the firſt we anſwer, That the moſt exact and ar- 


_ tificial way is, by making a mark any where in the 


arch, 5 
As for EXAMPLE, 5 

At the point C, and then, by a Problem known not 
only to every Surveyor, but to ordinary Carpenters and 
Joiners, for finding the center of a circle, whoſe cir- 
cumference will paſs through three given points that 


are not in a right line, as ACB, to find the center O. 
But if you know not how to do it, croſs the line AB 


in the middle as is here done by the * 


* 


a Rt nas 


fields be tied together by the 
patch; but in ſmaller we may ule the half chain of 
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OC ; fo you may by a few trials find both the due ex- 
tent of your compaſſes, and the point in your perpendi- 
cular, that will fit your purpoſe near enough; for if a 
{mall error be committed in making up the Sector, the 
molt = it goes off again in the ſubtraction of the 
triangle. 2 

II. For che latter may take this ready courſe; 
meaſure the length of both your lines, the chord and 
the arch, and their diſtance at the middle of them both; 
then when you come to prbtract, firſt take the le | 
of your right line from the feale, and having laid it 
down, eroſs it in the middle at right angles with a dry 


ine, as in the laſt figure, ſo ſhall it interſect the 
line AB in the point E; then from the ſame ſcale, 


take the meaſured diftance between the 2 lines in the 
middle, and fet it off apon that dry line from the inter- 
ſection E, to the point C. Then by trials, find a due 
place in the dry line OEC, and at ſuch a diſtanee with 
your” compaites, that the one foat reffing in that Fine, 
the other may deferibe the areh ACB, and the Sector is 


_ protracted. 


Concerning cnflomary mea, and how it FA SER 
duced 1 Hatute 223 e contra, erther by the 
rule of three, or a more Hous way, by multiplica- 


tron only. 


Though the ſtatute-perch, or pole, is 16 feet and a 
balf, na more, yet there are poles of larger meaſure 
uſed in many places, as of 18, 20, 21, 24, and 28 feet, 
in ſome 22 and a half. It were therefore very eon- 
venient, that our yaung ſurveyor were furniſhed with a 
chain, fitted to the cuſtomary meaſure of the country 
where he lives. But becauſe theſe are toolarge and cum- 
berſome for ſmall cloſes, it is very convenient, inftead 
of one chain of ioo links, to make two of 2 poles 2 piece, 
each pole divided into 25 links, as that of ico is; 
which two balt chains may, in the meaſuring lar 

[oops with pack-threa 
or joined by a buttoning key-ring for more ſpeedy diſ- 


£9 
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go inks, only taking care, that we count not half chaing 
for whole ones. el alc ith 

And in theſe caſes where the poles are large, and the 
cloſes ſmall, it were ſtill more convenient'it you had a 
chain of two poles only, divided into 100 links. But 
be ſure to remember, when five figures are cut off in 
the firſt multiplication, that the content is only roods, 
and parts of a rood. + - | 

We have already obſerved, that the length of the 
pole is different in differgnt parts of the kingdom; but 
there is no occaſion fof having chains with various 
ſorts of links; ſince it is eaſy to reduce ſtatute 
meaſure into cuſtomary ; conſequently, Gunter's 
chain will be ſufficient in every part of England. 

In order to this, it muſt be remembered, that acres 
are in proportion to one another, as the ſquare of their 
Er z and therefore, if you multiply 3 number of 
half fect in the fatute-pole,/ by itſelf, which gives 
1089, and alſo. multiply the mimber of half feet contain- 
ed in a pole of that meaſure you would reduce into; in 
the ſame manner you may, by the rule of three reverſe, 
obtain your deſire, making for that purpoſe 108g, the 
firſt number, the ſtatute meaſure the ſecond and the 
ſquared half feet of the pole given the third. As for 
example: Suppoſe of a cloſe meaſured by the ſtatute 
pole, the length and breadth, and their product as are 
repreſented in the margin. And 0 
it is deſired that the content may 9-33 B. 
be caſt up according to the large — 
Cheſhire meaſure of 8 yards, or 24 933 
feet to the pole or rood. Fhen 1866 Sf: 
before you cut off any figures, con- -——_— | 


ſider that in the ſtatute pole are 33 672693 Product. 


half feet, and the Cheſhire pole 48 ; 
multiply therefore 33 by 33, and 48 by 48, and you 
will have 1089 aa 2394, which, together with the 


faid product, may be thus placed; 2304 : 672693 : : 


1089, and fo multiplying 672693 by 1089, and dividing 
their product, being 732562677, by 2304, the quotient 
is 317952; from which, if five figures towards the right 
hand be cut off, the content, by this cuſtomary mea- 


ſure 


ſure 
28} 
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ſure of 24 feet to the pole, will be 3 acres, no roods, 
28 perches, as appears below:  _ 


37952 
4 
171808 
| 40 
28072320 


But if the lines on the land had been meaſured ac- 
cording to that cuſtom of 24 feet to the pole, and the 
content muſt have been found according to the ſtatute 
meaſure, then we muſt have multiplied the 1 by 
2304, and have divided that latter product by 1989. 
And in the ſame method you may proceed in all, or 
any of the reſt. But though this way is very. exact, 
plain, and comprehenſive, ſuiting all the cuſtomary 
meaſures before mentioned, without fractions; it is 
certainly ſomewhat tedious, ex&Þt che practitioner 
knows how to relieve himſelf, by à large table of Lo- 
garithms, which we cannot here treat of. Therefore, 
to contract the work in ſome degree, take notice, that 
all the cuſtomary poles above-mentioned, except thoſe 
of 20 and 28 feet, which are rarely uſed, they are each 
capable of being divided into half yards: And there- 
fore, if inſtead of ſquaring the half feet, you ſquare 
the half yards of both poles, and work with them, 
vou will attain the fame end without any material dif- 
ference, the ſmall diverfity that there is, ing general. 
1 the uſeleſs remainders, not in the leaſt affecting 
- e — quotient, that gives the anſwer near enough 

OT ule, | 


: 
| : 
| 
| 
: 
— 
| 
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As for Examyts 


If we had ſquared 11, the number of half yards 
in the ſtatute pole, which would make 121, l ch: 
and alſo 16, the number of half yards in 11 the 
the Cheſhire pole, which would make 256, —— Gr 
and then_multiplied the firſt product 672693 11 ſur 
by 121, the ſecond product would have been II tir 
381819853, which being divided by 256, the 121 tic 
quotrent would have been, as before, 317952. 16 pr 
And this way is, in a manner, co-incident 16 * 
with Mr. Holwell's firſt method. E 4 at 

Take notice alſo, that whether you uſe 17 ; 
either of theſe, or the following methods, 278 na 
you need not reduce the particular ſquares, 5 
triangles, or trapezia's ſeverally ; but ſum up all their A 
products together, and then reduce all at once. { 


But if you would reduce ſtatute meaſure into cuſto- 
— 4 by multiplication, only obſerve the following 
table: | | 


Tec 1.84027 r 
BIS . 68062 { Give the 20 


e. C-01734 content (21 


tute . 
being — 33777 by the (2217 Feet 
tiplied by 47265 pole of 324 | | 

| 1.34725 128 \ 


The Uſe of this TAB E. 


When you have multiplied lengths by breadths, 
or baſes by half perpendiculars, multiply theſe pro- 
ducts by the decimal fractions, anſwering to the 
cuſtomary meaſure, into which you would reduce 
ſtatute meaſure, and from that latter product, firſt cut 
off five places towards the right hand, as not to be re- 
garded, being only parts of à ſquare link, then cutting 
off 5 more, and proceeding to multiply by 4, and then 
by 40, you will have the content by that cuſtomary 


ERA LE 
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Suppoſe the length of a cloſe, meaſured by Gunter's 
chain and multiplied by the breadth, meaſured alſo by 
the ſame, produced 672693 ſquare links; and it is de- 
fired, that the content may be given in Cheſhire mea- [ | 
ſure of 24 feet to the pole; you muſt mul. | 1 
tiply 672693 by 47265, the decimal frac- 3 3 | 
tions anſwering to 24 feet, and from that * | 
product, being 3 1794334545, eut off and caſt 71792 
away 5 peed, and the reſt being 317945, 40 
are in the uſual way eafily reducible into 28171630 
3 acles, no roods, and 28 perches, which is e 
what it amounted to in the former method exactly, 

But if you meaſured by a chain of cuſtomary poles, 
and deſire to know what the coiſtent is in ſtatute mea- 
ſure, the following table muſt be uſed: 


118 7 | 1.19008 | 
The content) Being 3 1.45922 þ Gives the 


—— —_— — — — — — — — — 
- 


21 J) mul- (1.61983 ) content by | 
2 224 _ 1.85959} the ſtatute a 
ene Pole ot 24 C ed by q 2.11570 C pole. | 
| # > 7 2.87970 | 1 


| 
To underſtand which, obſerve this ExaueLs. | 


Suppoſe the length and breadth of a — ſquare, be- wil 

ing meaſured by a chain of 24 feet to the pole, and mul- i 
tiplied together, make their produ 61726 = | 
317952, letthis be multiplied by 2.11570, 7729! 

which anſwereth to 24 feet, and the lat- + 
ter product will be 67269 104640; from 2190764 
which, if you mel and caſt aways 49 | 
places towards. the right hand, the re- 3630560 
mainder is 672691; which, in the uſual 

_ is eaſily reduced to 6 acres, 2 roods, and 36 
perches. o | 5 | 

If the content to be reduced, be caſt up into acres, 
roods, and perches, reduce all into perches, and then in 
other reſpects work as before, either by the rule of 
three, or by this laſt method of multiplication * 


— — UgUÿ u — — - — 
* 
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So ſhall you have the content in ſquare perches, accord. 
ing to the meaſure deſired, which you may reduce into 
acres by dividing them by 160; and if any thing re- 
main, that remainder being divided by 40, will give 
the roods in the quotient, and the latter remainder the 
number of ſquare perches. © 
For trial of which rules, obſerve the anſwer of theſe 
two following queſtions, wrought all three ways. 


VEST. I. How many acres, roods, and perches, ac- 

cording to the pole of 11 feet, are contained in 5 acres, 
4 s, and 11 perches, ſtatute meaſure ? 

ANsw. Four acres, 3 roods, and 22 perches, as appears 


by the following work: 


FIRYr MET H 0D. 8 
| A.R.P. 5 | 
3 | N 
1 
99 216 23 

108 
1089 1296 931 
6 r 

1089 


| ———-— 


8379 
7448 
9370 


1013859 
1296) 1013859 (782 
| 9072 

10665 


160) 982 (4 
1 


10368 | 
2979 
2592 

387. 


49) 142 (3 
120 


— 


- VS 


SECOND 
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SECOND MET ROD. 


11 12 144: 931: : 121: 782 
11 12 222 | 
11 24 © = 
. 1862 | 
A dh 931 
144) 112651 (782 
| 1008 
r 
1152 
331 
288 
| * 
160) 782 40) 782 (19 
640 40 | 
49) 142 (3 382 4) 19 (4 
120 _ 4 
22 8 55 3 
TIR D METnop. j 
$4027 0 
23 . 
84027 160) 782 (4 
252081 | 640 
750083 a 49) 142 (3 
752,29137 | 120 | 


| | - 
QuesT. II. How many acres, roods, dhe 
ſtatute meaſure, are contained in 8 acres, 3 roods, or 
quarters, and 21 perches of 21 feet to the ale ? 
ANsw. Fourteen acres, 1 rood, and 21 perches, as 
appears by the three following works in the ſevera 
methods, | 


=y 


8 a, Fiksr 


| 
: 
| 
| 
| 
3 


® 
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FIRST METHOD, 


1 | 
ro89 : 1421 :: 1764: 2301 


1421 


1089) "2506644 (2301 
2178 


A. R. P. 5 
83:2 42 33 
35 84 99 


1764 1089 
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Second MEZT HO. 


55 121: 1421 :: 196: 230 
. . 1 


1270 278516 (2301 
Ig 24.2 | 


Truind METHOD. 


1. 61983 160) 2301 { " 
1421 —_ 
161983 ©: "ob 
323966 — 
647932 400 61 (1 
1 4. 
2301. 77843 3 


How to meaſure a piece of land, with any chain, baude ve. 
2 divided ; or even with a cord, or curt- rope. 
If you can procure a chain, and find it_js not divided 
in the manner we have already explained, but into feet. 
or quarters of yards, or any ſuch vulgar diviſions, make 


as 


no ceckoning of the * but meaſure it as exactly 
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as you can, to find out the true length of the whole chain; 
and if it fit none of thoſe lengths before- mentioned, 
nor any of their halfs, make it fit by taking off a link 
or two, or piecing it out with a-ſtring; then dividing 
the length of that chain by 1co, or the half ef it by 
so, find the true length of a link, according to our ar- 
tificial diviſions, and having got a long ſtic Kk, or rod, ſet 
as many of thoſe link-lengths upon it as it will hold; 
.then — you meaſure, all the whole chains by your 
regulated chain, and the odd links of every line, by 


yur divided ſtick, or rod, as will be proved by the fol- 
* | 


wing example. 

Being far from any. inſtrument, and requeſted by a 
friend to meaſure him a cloſe, and you can procure a 
pair of compaſles, an ordinary carpenter's rule of two 
foot, divided into inches and quarters, and alſo a piece 
of an old chain, feemingly divided into feet, you 
muſt meaſure it by the rule, and finding it to be 45 feet 
Jong, and ſome odd meaſure, piece it out with a ſtrong 
cord that will not ftretch, to 48 feet exactly ; then it 
will ſerve for half a chain of 24 feet to the pole: This 
43 multiply by 12, the number -of inches in a foot, and 
that product being 576, divide it by 50, the number of 
links in half a decimal chain, and the quotient is 
1118 inches, or 11 inches and a half, and ſomething 


over. Dividing theretore a long ſtick throughout into 
ſuch parts, each containing 11 inches and a half, 


_ "beſides the breadth of the nicks, you are provided 
with tools to meaſure lines to a link with ſufficient 
exactneſs. 5 . 5 
In like manner you may proceed with a cord or 
rope, having fitted them to ſome known length; and 
then for protracting, it is eaſy with the compaſſes to 
make a plain ſcale of a large fort, cither upon. paper, or 
an even piece of wood. 5 


Beſides, there is a way of meaſuring the perpendicu- 


lars of triangles and trapez ias upon the ground itſelf, fo 


U 


as to prevent the neceſſity of a ſcale; for if you have a 


{mall ſquare with a hole in it, to turn upon the head 
of a tick which you may fix where you pleaſe, as you 
are meaſuring the baſe of a triangle, or the diagonal 
of a trapezium ; you may by a very few trials find 


the 


————— — 


OF MEASURING. ; 27 


the place where the one leg will be juſt in the line you 
are meafuring, and the other point at the, angle from 
which the perpendicular falls on it, and then the ſpace 


between your ſtick and that angle truly meaſured, is the 


perpendicular. | 

If you have not ſuch a ſquare, a ſquare trencher, or 
any end of a board that hath one right angle, and.two 
true ſides, will ſupply the want of it. This is un- 
doubtedly an excellent way of mealuring a trapezium, 


thougff it be protracted afterwards ; for by meaſuring 


the perpendiculars as afurefaid, and obſerving at how 


many Chains and links end, the ſaid perpendiculars meet 


the common baſe, the whole trapezium may be truly 
_ protracted without going about it; this little ſquate 
ſufficiently ſupplying the place of an inſtrument, 
which is uſually called a croſs or ſquare, made up, as 


it were, of two fmall indices, like thoſe for a plain 
table, but much leſs, with fore-ſtghts and back-ſights, 
and cutting one another at right angles put together, and 


having an hole at the center. e 


= 


Concerning dividing of land artiſie:ali and mechanically. | 


I. To divide a triangle into any parts require; 
divide the baſe as the Yemand- imports, then halt lines- 
drawn from the points of diviſion to the oppoſiie angle, 


finiſh the divifion of the triangle. * 


2 


2 
9 80 1 » 


* 


AC, the baſe of the triangle ABC, being divided 


into 12 equal 
parts, a line © BT 9. 
drawn from +. 4 
the angular 
point B to the 
point 6, divides 
the triangle in- 
to two equal 1 4. 
parts; two ATT | 
lines drawn to b 1 8 5 
4 and 8, divide it into 3 equal parts; 2 lines drawn 


. 

FY 

. -. * a 
. 


to 
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to the points marked with z, 6, and q, divide it into four 
equal parts; and ſo lines drawn to 2, 4, 6, 8, 10, divide 
it into ſix equal parts. | | 
It is likewiſe very obvious, that if the ſame triangle 

were tobe ſo divided, that the one part ſhould be double 
to the other, a line drawn from B to 4 or 8, doth the 
work, or if it be required to divide it into two parts, ſo 
as the one ſhall be triple to the other, a line drawn 
from B to 3 or 9, compleats the work. In like man- 
ner a line from B to 2 or 10 divides it into two parts, 
whereof the one is quintuple, or five-fold, to the 
other, and a line from B to 1 or 11, divides it into 
_ parts, whereof the one is 11 times as large as the 
8 | | 5 l DO, 
_ Farther yet, if it were required that this triangle ſhould 
be fo divided, that the twogparts ſhould in quantit 
bear proportion, as 5 and 7, aline fromB to 5 or 7, wil 
anſwer the purpoſe. _ | 3 

The diviſions will, indeed, be ſometimes a little more 
intricate than this, yet not ſuch, but that the ſeemi 
difficulty may be — 


lowing method. 


ly overcome, by obſerving the fo 


Suppoſe, a large triangle of common land to be 
divided amongſt [tt tenants, A, B, and C, according 
to the quantity of their tenements : A, having 19 acres 
of land to his tenement, B 13, and C 7, the baſe of the 
triangle being found dy meaſure to be 17 chains 27 
links : and the demand is, Where the point of the di- 
_ viſion muſt be placed in the baſe, fo as lines drawn from 
| thencs to the oppoſite angle, ſhall truly limit each man's 


yo anſwer this, let us add 13 and 07 to 19, and they 

give 39: fo is the work plainly reduced 

to the rule of fellowſhip; and therefore, to 12 

find every man's Aiſtinct portion, we need on- 4 

ly to multiply the baſe by his particular num- . 

ber, and divide that product by 39, the ſum of 39 
all their numbers. | 
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- 


hg A. B. | 
39 © 17. 27 5 : 19 39 : 17. 27 : 15 
= | 13 
25543 5181 
T 222 | 
39) 328.13 (8.4133 39) 224.51 (5-753%. | 
312 e 9 Ap 
161 295 
| 273 
53 221 
32 198 


From thefe operations it is plain, that if we ſet off 
from the angular point where the baſe. begins, 8 chains _ 
41 links, and a little above the third part of a link 8 
the baſe for A, and where that ends, 5 chains and 75 
links and 4 of a link for B, and | —1 leave 
between this ſecond diviſion, and the other of the 
baſe, 3 chains and almoſt 10 links, for C; lines drawn. 
from thoſe points of diviſion to the oppoſite angle, will. 
give each man his due. | | 

What has been ſaid, reſpecting the diviſion of triangles 
upon their baſes, will, with a little variation, ſerve for 
the dividing of all ſorts of Parallelograms, either ſquares, 
long ſquares, Rhombus's, or Rhomboides ; all the dif- 
ference is, that inſtead of drawing lines from points in 
the baſe to the oppoſite angle, you muſt draw parallel 
lines from the points in one oppoſite fide to another, as 
will be ſufficiently plain by the following inſtance. 


84. | Suppoſe 
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Suppoſe the ſquare figure to repreſent a cloſe of fix 
acres, and you are to cut N 


off an acre at the fide N 

AC; having ſet off the N 
6th part of the line CD, | 
from C towards D, as at | 4 
c; alſo the fixth pat of | 
the line AN from A to- 14 
wards N as ata: draw | | | 

the line caparallel to AC, 


and this takes off exact. 1 
| iy a 6th part of an acre; - 
t 
] 


at is, the fmall Paral- 
ram AC ca, is one | | 
acre. | - 


If it be not thought convenient, as in ſome caſes it is 


not, to cut off a piece ſo long and narrow, you may, 


by the rule of three, find what other length of any 


greater breadth, will contain an equal quantity, Or 
you may multiply the breadth by 2, 3, or any other 
number, and divide the length by the ſame number 


that you multiplied the breath by. Or laſtly, if you 


ſet off a double proportion, that is ; or 4 from C to- 

wards D, and from the point where it falls, draw a line 

to the angle A, you will have a triangle equal to + of 
the ſquare ACN. | „ * 


But to return to triangles, the moſt ſimple and pri- 

mitive of all Rectilinears, and therefore, the moſt con- 
fiderable in this caſe of partition, as giving laws often to 
the reſt; it may fall out, that a triangle muſt be 
divided, by a line from ſome point in a fide, fo as 


% 


that line may either be parallel to ſome other fide, or 


not parallel to any, 


JEW r S 


Let 


„ 
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Loet ABC be a | 1 ä 
triangle given, and 
let it be required to 
cut off + by a line | 
arallel to AB. 4 
Firſt, on the line 5 
- AC deſcribe the ſe- | \ 

mi-circle AEC, on \ 

whole diameter, & 


A, divided into five 
equal parts accord- * - gt * 
ing to the greater r 


term, and upon three 


2 


of thoſe; parts, the lefſer term, erect the perpendicular 


IDE, Which cuts the arch line in E, then ſet the length 


of the line CE from C to 4, and from thence draw 


the line 4 G parallel to AB; fo will the triangle CG 4 
contain 4 of the triangle ABC, as was required. 


No, for the latter caſe, when the line of partition 


goes not parallel with any ſide, take this example. 
Let ABC be a tri- n 

angle given to be di- 

vided info two parts 

which ſhall be in po? 

portion to one and; 4 

ther as 3 is to 2, by 5; 

2 line draun from the 

point D in the baſe, 0 

or line M. „„ M30 | 
From the limited point D, draw a line to the angle 


B ; then divide the baſe AC into five equal parts, and 
from the third point of the diviſion draw a line to E 


parallel to BD. Laſtly, from E draw the line ED, fo 
{hall the trapezium ABED be in content as 3 to 2, to 
the new triangle DEC. = 


Before we have done with the diviſior. of tri- 


angles, it will be neceſſary to add the three following 
cautions. 8 ae an . 
1. You muſt be ſure to take very exactly the diſ- 
tance of every point, where a diviſion line cutteth _ 

fide ; to one of the ends of the ſame fide, as in this 
tivure, the diftances BE pag AD; which diſtances be- 
: | — W3 ing 


True WHOLE ART 
ing ied to the ſcale by which the triangle was 
protracted, will ſhew at how many chains and links 
— are to make your diviſion or line on the field 
2, The proportions by which you are to divide, are 
not always dy ri as in the former examples, 
but are ſometimes to be found out by arithmetical 
working; as in this eaſe. EAI gate 
Suppole a triangular field of 6 acres, 2 roods, and 31 
—4 8 muſt be divided ſo that one of the two parts 
ſhall be 4 acres, 3 roeds, and 5 perches, and the other 
conſequently 1 acre, 3 roods, and 26 perches; reduce 
both meaſures into = and the one will be 705, 
and the other 306. ir ſum is 1701, which by their 
common meaſure, being reduced into their loweſt terms 
of proportion in whole numbers, will be 5, 2, and 7, 
which ſhews that the triangle being divided into 7 equal 
parts, the one muſt have 5; of thoſe 7 parts, and the other 
2. And obſerve, that it will be ſufficient to find the 
common meaſure between the ſum of your terms, and 
either of the terms; the method whereof is ſhewn in 
every arithmetical book for reducing fractions to their 
loweſt terms, 1 | 
But you may multiply either of the parts; as ſuppoſe 
765, by the length of the baſe, which we will ſuppole 
to bs g chains and 75 links, or 87 links; and that pro- 
duct divided by 1071, the content of the whole. clofe in 
rches, gives by the rule of three direct, 625 links, or 
chains and 1 pole, the trye diſt from either end 
of the baſe, that your mind or eccafions may direct you 
2 * point of diviſion; for the diviſion muſt not only 
for proportion or quantity, but alſo as to poſitian 
or ſituation of parts upon the paper, as it is required 
to be on the ground. EG 
3- In theſe and all other divifons of land, where a 
ſtrict proportion in quantity is to be obſerved, you muſt 
have a reſpect to the rules given hereafter concerning 
the meaſuring of uneven ground, eſpecially if one part 
prove much more uneven than another; and if there be 
y uſeful pond or well, you muſt draw your line of 
diviſions through it; but if it be an uſeleſs pond, lake, 
or puddle, or if there be any boggy or barren 3 
. | | that 


75 
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that muſt be caſt out in the diviſions ; meaſure that firſt, 
and ſubtract it from the content of the whole cloſe, 


-and then lay the juſt proportion of the remainder on 


that fide that is free from it, that the other may have its 


_ juſt part alſo, beſides that which is uſeleſs. 


* 


* 


What hath been faid, with an ordinary meaſure of 


diſcretion, may ſufficiently inſtruct a young, artiſt to 
divide triangles, Parallelograms, and regular Polygons, 
auſe many cloſes and open 


in an artificial way; 


grounds are Trapezias, and many irregular Polygons, 
and even thoſe that are regular enough, may fall under 


an irregular diviſion, in regard of the quality of the 
land, woods upon it, or quarries in it, or the conveni- 


encies of ways, currents of water, ſituation in reſpect 
to adjacent lands, &c. we ſhall propoſe a method, which 


though it has ſomewhat of the mechanic in it, will be 


ſingularly uſeful in ſuch caſes. 
Os Te” 
Trapezium 1 


to be divided A ad 
betwixt A E 


young heir | 
and his mo- 
ther, fo that 


e 


his part may be double to huts. Having by a Dia- 
gonal BC divided it into two triangles, you will find 


the content of the triangle ABC to be 138562 ſquare 


links, and the triangle BCD to contain 103468, in 
242020 ſquare links, which, if reduced, as hath been 


formerly taught, would amount to 2 acres, 1 rood, and 


27 perches. : | 
But for the preſent work, they are in a better order 
already. Dividing then 242020 into three parts, each 


of them is 80676 and 5, two thirds of theſe third parts 


muſt contain 1613534; but the fraction 4 being inconſi- 

derabie, regard it not. 3535 T0, STD 
Then if you reſolve to lay out the double 73 to- 
F, and 


wards the line BD, ſtrike at a venture the line 


meaſure the trapezium bounded by that line, and the 


oppoſite fide BD, together with the interjacent parts of 1 
the lines AB and CD, 5 you will find to con= ||. 
_ 0 TS --..-- | rain 


* 


— 
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* ; 
E 119140 ſquare links; but becauſe it ſhould: have 
| been 161353, ſubtract 11940 out of 161353, and their 


difference is 42213, and perceiving that the lines AB 
and CD are very nearly parallel, and finding their diſ- 
tances where they are cut by the line EF, to be 326 
links, or 3 chains and 26 links, divide 42213 by 326, 
and the quotient is 129 links and almoſt a half, at which 


diſtance draw the line GH parallel to EF, ſo ſhall the 


zium GBDH be the heir's part. 1525 
Another way whereby the ſame N be per- 
formed is this. Finding the triangle ABC to contain 


138650 ſquare links, ſubtract it out of the heir's part, 


Vviz. 161353, the difference 22803, ſhews how many 
ſquare links muſt be taken out of the triangle BCD, 
and added to the ABC; which to perform with * ne- 
ceſſary exactneſs, ſuppoſe the ſide or line BD to be the 
baſe, which by — proves to be 344 links, or 3 
chains, and 44 links. Say by the rule = three direct, 
if the whole content of the jefler triangle, viz. 103468, 
give 344; what will 22803 give? So will the reſult be 
75 links, and ſomewhat more than + of a link, for 


22803 multiplied by 344, gives 7844232, which being 
_ divided by 103468, the quotient is 75 Ss, or ac- 
cording to decimal divition, 75.8131, which is ſome- - 
what more than 75 links and +, wherefore extending 


your compaſſes upon the ſcale to almoſt 76 links, ſet 
that diſtance upon the line BD, from B to I, and draw 
the line CI; ſo ſhall the trapezium ABIC be double 


to the triangle ICD, within ſo ſmall a matter, as is 


1 worth regarding, though the land were a rich mea- 
OW. 1 5 


Concerning the beundaries of land, or where the lines to le 


meaſured, muſt begin and end. 


If there be no agreement between the parties concern- 


ed, (for if there be, that muſt be obſerved) reaſon and 
cuſtom are the Surveyor's guide. 


The farmer ſpeaks loudly; that when a piece of ara- 


ble or meadow land is to be ſown' or mown, no more 
ſhould be meaſured, nor expected to be paid for, either 
to the letter or workmen, than the plough or ſcythe can 

| | 1 20 


— 


or MEASURING. 981 


go over. So alſo when a parcel of land is let for paſ- 
ture to a farmer, it ſeems. very reaſonable that all, and 
only fo much ſhould be meaſured, as is uſeful for that 
ye" — 50 — 9 9 Ry os rr "+4 
ut commons to be incloſed, are uſually meaſured, 
except it be otherwiſe agreed, to the uttermoſt bounds 
of every man's particular proportion, without any allow- 
ance for-ditch. or fence, every man being to make them 
upon his own of what brgadth he pleaſes- Nor is this 
_ unreaſonable, for it is as goed for one as another, and 
the rate paid to the Lord is uſually very ſmall, and ſome- 
times nothing. : JETS | n 
It is alſo very uſual in meaſuring betwixt lord and 
tenant, in caſe of leaſes for lives or long terms of years, 
to extend the lines to the utmoſt bounds of the tenant's 
claim, taking in the walls, hedges, and ditches ; but 
this is accounted very hard, and frequently proves very 
unequal among the tenants of a lordſhip ; ſome being 
forced to make much more waſte of their ground this 
way, than others that hold as much or more. But 
where the cuſtom obtains, the ſurveyor muſt obſerve it; 
for it is the buſineſs of others to appoint what muſt be 
meaſured. and he is only to meaſure truly what is fo 
appointed. 
Laſtly, 


y, in caſe of a ſale by meaſure, at a rate agreed 
upon by each, no boundaries being ſpecified in the bar- 
gain, the rule is, to extend the lines to thequick-wood- 


row, that is, to the place where the quick-wood actually 
grows, or where, according to the general rule, it ought 


to be ſet. 


A deſcription of the plain table, the protractor, and lines of 
5 c6ęhords. | 1 a 
Though what hath been already ſaid, may compe- 
tently ſuffice to inſtruct any young artiſt in meaſuring a 
cloſe of land, yet to advance him a degree higher in uſe- 
ful knowledge, we ſhall take occaſion to deſcribe to 
him the plaintable, which conſiſts of ſeveral parts. 


The 


* 
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The table itſelf is a Paral- * 
lelogram of oak or any other GS 


wood, about fifteen inches IS Wa. 1 
long, and-twelve broad, con- n Ao 
fiſting of two ſeveral boards, | n 
round which are ledges of the ol. f 
ſame wood; the two oppoſite 
of which being taken off, and 
the ſpangle unfcrewed from 
the bottom, the aforeſaid two 
boards may be-taken aſunder 
for eaſe and convenience of 
carriage, For the binding 
of the two boards and ledges 
| faſt, when the table is ſet to- 

ther, there is a box- jointed 
rams, about three quarters 19 5 
of an inch broad, and of the 5 
ſame thickneſs as the boards, which may be folded to- 
gether in ſix pieces. This frame is ſo contrived, that 


it may be taken off and put on the table at pleaſure, and 


may go eaſily on the table either ſide being upwards. 
This frame alſo is to faſten a ſheet of paper upon the 
table, by forcing down the frame, and ſqueezing all 
the edges of the paper, ſo that it lies firm and even 
upon the table, that thereby the plot of a field or 
other inclofure, may conveniently be drawn upon it. 
On both fides this frame, near the inward edge, are 
ſcales of inches fubdivided into ten equal parts, hay- 
ing their proper figures ſet to them. The uſes of 
theſe ſcales of inches are for the ready drawing of 
parallel lines upon the paper; and alſo for ſhitting 
your paper, where one ſheet will not hold the whole 
work. 
Upon one hde of the ſaid box- frame, are projected 
the 360 degrees of a circle, from a braſs center hole in 
the middle of the table. Each of thefe degrees are ſub- 
divided into thirty minutes; to every tenth degree are 
ſet two numbers, one exprefling the proper numbers of 
degrees, and the other the complement of that number 
of degrees to 360. This is done to avoid the trouble of 
ſubtraction in taking of angles. De 
I Og 


JJ ones ad. 
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On the other ſide of this frame, are projected 
the 180 degrees of a ſemi- circle from a braſs —— 
hole, in the middle of the table's length, and about 
a fourth part of its breadth. Each of theſe degrees 
are ſubdivided into thitty minutes; to every tenth. de- 
mens * — 4 on the cy — nun- 

rs; ane expreſſing the proper number 
and the other the complement of — Big, 2 

res to 180, for the ſame reaſon as before. 

Te manner of projecting the degrees on the afore- 
laid frame is, by having a large circle divided into 
degrees, and every degree into thirty minutes; for then 
placing either of the braſs center holes on the table, 
in the center of that cirele ſo divided, and laying a 
ruler from that center to the degrees on the limb of the 
circle, where the edge of the ryler cuts the frame, 
_ marks for the correſpondent degrees on the 

Tame. | a 0 a 7 N 2 f . 

The degrees thus inſe:ted on the frame, are of excel- 

lent uſe in wet or ſtormy weather, when you can- 


not keep» a ſheet of paper on the table. Theſe de- 


grees will alſo make. the plain-table a Theodolite, or 
lemi-ciccle, according to which fide of the frame is 


There is a box, with a needle and card, covered 
with a glaſs, fed to one of the long fides of the 
table, by means of a ſcrew, that it may be eaſily 
taken off, This box and needle is very uſeful for 
_ placing the inſtrument in the fame poſition upon 

every remove. | Ap 
There belongs ts this inſtrument a braſs focket and 
ſpangle, ſcrewed with three ſcrews to the bottom of 
the table, into whick muſt be put the head of the 
three-legged ſtaff, which may be ſcrewed faſt by means 
of a ſcrew in the ſide of the ſocket. | 

There is alſoan index belonging to the table, which 
is à large braſs-ruler, at leaſt ſixteen inches long, and 
two inches broad, and ſo thick as to make it ſtrong 
and firm having a ſloped-edge called the fiducial edge, 
and two fights ſcrewed perpendicularly on it of 
ſame height. They muſt be ſet on the ruler exactly 
at the ſame diſtance from the fiducial edge. "_- 


—— 
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this index it is uſual to have many ſcales of equal parts, 
as alſo Diagonals and lines of-chords. Et 
When you would make your table fit for uſe, lay the 


two boards together, and alſo the ledges at the ends 111 
their due places, according as they are marked. Then 


layza ſheet, of white paper all over the table, which 
muſt. be ſtretched: over the boards, by putting on the 
o*+frame whichibinds both the paper to the boards, 
and the boards to one another: then ſcrew the ſocket 
on the back - ſide of the table, and alſo: the bax and 


negdle in its due place, the meridian line of the card 


lying parallel to the meridian of the diameter of the 
table; which diameter is a right line drawn upon the 
table, from the beginning of the degrees through the 
center, and ſo to the end of the degrees. I ben pur 
the {6+ ket:upon the head of the ſtaff, and there ſcrew 
it. Put alto -the: fights upon the index, and lay the 
index upon the table. So is your inſtrument prepar» 
Ow ute, as à plain table, Theodolite, or ſemi- 


Ihe Protractor is an inſtrument ſo well know LY 
and (a,,caly to be made and;procured, that we ſhal 
be very brief in the deſcription of it. As it is 


uſually made, it conſiſts of two parts, a ſcale and a 


ſemi-cicclt ; the. ſcale. is however no neceſſary part 
of it, but ſerves; if you are not {otherwiſe S 
"es 4 . 


22 penn in the caſe of 

— e 2% 3th - 8: 3s! 
But the ſemi-circle is more, eſſential. This may 
be made of brafs, or other metal, and of any con- 


venient ſize, as tour inches, more or. Es, for the 

- ftreight tide; this ſemi-circle being bounded as all 

others are by two lines; the one right or ſtreight, the 
other circulas.; :,- :- | 


The right line is divided preciſely in the middle, by 


a point which is in the center, upon which the circu- 


lar boundary is drawn, and two other arches concen- 
trical with it. 5 2e9-p Fen | i 
The center, when the ſemi-cirele goes alone with- 


out the ſcale, ſhould be guarded with two lips, one on 


each ſide, or a little loup, for the corweniency of turn 
ing thei nſtrument about a pin fixed in a paper. ER 
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The arched or circular edge is divided into 180 de- 
grees, or equal parts, numbered by tens, upon the up- 
per concentric arch from © to 180, and in the lower from 
130 to 860. So that by applying the ſtreight edge of 
the Protractor twice to any line, keeping the center 
right upon a pin fixed in the line, that is, with the ſemi- 
circle firſt above it, and then below it, or contrarily, 
you may drawa whole circle by the guidance of the 
arch, or ſet out any number of degrees, as will appear 
more plainly . e 8 
A line of chords is a line divided into go unequal 
parts, whereof 60, and the Radius upon which the cir- 
cle was drawn, are equal, and the diviſions upon that 
line are equal to the next extent in a right line of ſo 
many degrees from the beginning of the quadrant, as 
anſwer thereto. | Ho: 
When lines of chords are cut upon wood, it is both 
uſual and neceſſary that there be two ſtuds of braſs, the 
one at the beginning, and the other at 60 degrees, with 
little Holes for the feet of the compaſſes, when you take 
the extent of the Radius, to preſerve the line from being 
wounded by the compaſſes, and thus fenced, it will, in 
caſe of neceſſity, do the work of a Protractor, but not 
al together ſo commodiouſſy. N 


1. How tool ſerve an angle inthe feld by the plain table. 


Suppoſe E, K, 
G, to be two -- 
hedges, or two 
tides of a field, 
including the an- 

gle EKG, and it 
is required to 
draw upon the 
table an angle 
equal thereto : 5 Yo 5 
Firſt place your +... 

inſtrument as near the angular point K as cenveniency 
will permit, turning it about till the north end of the 
needle hang directly over the meridian line in the card, 
and then ſcrew the table faſt, Then upon your paper, 

” a will 


% 
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with your protracting pin, which is a fine needle put 
into a piece of box, or ivory, neatly turned, or com- 
paſs-point, aſſign any point at pleaſure upon the table, 
and to that point apply the edge of the index, turning the 
index about upon that point, till N the _ 
you ſee a mark (et up at * parallel to the line E K, 
and then with your protracting- pin, compaſs- point, or 
pencil, draw a line by the fide of the index to the aſſign- 
ed point upon the table: then the table remaining im- 
moveable, turn the index about upon the fore-mention- 
ed point, and direct the ſights to the mark ſet up at G, 
or fam thereto, that is, ſo far diſtant from G, as your 
inftrument is placed from K: and then by the of 
the index, draw another line to the aſſigned point. Thus 
will there be drawn upon the table two lines repreſent- 
ing the hedges EK, and KG, and which include an 
angle equal to the _ EKG. And though you know 
not the quantity of this angle, yet you may find it, if 
required: for in working by this inſtrument, it is ſuf- 
ficient only to give the proportions of angles, and not 
their quantities in degrees, as in working by the Theo- 
dolite, ſemi-circle; or circumferentor. Alſo in work- 
ing by the youu table, there needs no protraction at all, 
for you will have upon your table the true figure of any 
angle or angles that you obſerve in the field 1n their true 
1 without any further trouble. 


' 3. Hew to the quantity of an angle in a field, 
the Plain Hal, TAG as a Theedalite or fn 


— | 


Loet it firſt be required to find the quantity of the angle 
EKG {ſee the above figure) by the plain table, as 
a Theodolite. Place your inſtrument at K, with the 
Theodolite fide of the frame upwards, laying the index 
upon the diameter thereof; then turn the whole inſtru- 
ment about, the index ſtill reſting upon the diameter, 
till through the fight you efpy the mark at E: then 
ſcrewing the inſtrument faſt there, turn the index about 
upon the Theodolite center hole, in the middle of the 
table, till thro” the fight you eſpy the mark at G. Then 
note what degrees on the frame of the table are cut by 
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the index, and thoſe will be the quantity of the angle 
Lou muſt proceed in the fame manner for finding 
the quantity of an angle by the plain table as a ſemi- 
circle ; only put the ſemi-circle ſide of the frame up- 
wards, and move the index upon the other center * 4 


3. Ho by the | plain table, to take the plat of a field at one 
tation within the ſame; from whence all the angles of 
| the ſame field may be /e i | | | 


Having entered upon the field to ſurvey, your firſt 
work mult be to ſet up ſome viſible mark at each angle 
thereof; which being done, make choice of ſome con- 
venient place about the middle of the field, from 
whence all the marks may be ſeen, and there place your 
table, covered with a ſheet of paper, with the needle 
hanging directly over the mexidian line of the card, 
which you muit always have rd to, eſpecially 
when you are to ſurvey many fields together. Then 
make a mark about the middle of the paper, to re- 
preſent that part of the field where the table ftands ; 
and laying the index .apon this point, direct your 
ſights to the ſeveral angles where you before placed 
marks, and draw lines by the fide of the index upon 
the paper. Then meaſure the diſtance of each of 
theſe marks from your table, and by your ſcale ſet 
the Game diſtances upon the lines drawn upon the 
table, making fmal] marks with your 2 
or compaſs- point, at the end of each of them. Then 
lines being drawn from one to the other of theſe points, 
wilt give you the exact plot of the field ; all the lines 
* 2 the table being proportional to thoſe 


* 


EXAMPLE» 
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EXAMPLE. . 
Suppoſe the plat of the field ABC DEF was to be 
taken. Hav- yes B | 
ing placed 3 
marks in the | | : 
ſeveral angles 2 
thereof, make | 
choice of ſome Wu 5 
proper place 3 — — 
about themid- > „ 
dle of the field, 
as at L, from 
whence you 5 
can ſee all the | E 
mails de | 
laced in the ſeveral angles ; and there place your ta- 
ble. Then turn your inſtrument about, till the needle 
2 Low the meridian line of the card, denoted by the 
ine NS. | RA 
Your table being thus placed with a ſheet of paper 
thereon, make a mark about the middle of your table, 
which ſhall repreſent the place where your table ſtands. 
Then applying your index to this point, direct the 
ſights to the firſt mark at A; and the index reſting 
there, draw a line by the ſide of your index to the 
point L. Then with your chain meaſure the diſtance 
from L, the place where table ſtands to A, 
the firſt mark, which ſuppole eight chains ten links. 
Then take eight chains ten links from any ſcale, and 
ſet that diſtance upon the line from L to A. | 
Then directing the fights to B, draw a line by the 
| fide of the index as before, and meaſure the diſtance 
from your table at L, to the mark at B, which ſuppoſe 
eight chains, ſeventy-five links. This diſtance taken 
from your ſcale, and being applied to your table from L 
to B, will give the point B, repreſenting the ſecond 
mark. Then direct the ſights to the third mark C, 
and draw a line by the ſide of the index, meaſuring the 
diſtance from L to C, which ſuppoſe ten chains 4 
five links, This diſtance being taken from your ſcale, 


and 
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and applied to your table from L to C, will give the 
point C, repreſenting the third mark. 5 
In this manner you muſt deal with the reſt of the 
marks at D, E, and F, and more if the field had con- 
ſiſted of more ſides and angles. 5 
Laſtly, when you have made obſervations of all the 
marks round the field, and found the points ABC DE 
and F upon your table, you muſt draw lines from one 
point to another, till you conclude where you firſt be- 
gan; as draw a line from A to B, and from B to C, 
from C to P, from D to E, from E to E, and from F 
to A, where you began; then will ABCDEF be the 
exact figure of, your field, and the line NS, the me- 
ridian. 1 ge | | 


| 
| 
| 
| 


- 
— —— 


& 


4. To take the ny of a wocd, park, or ather 1 4 
level plain by the plain table, in meqſuring round i 
Suppoſe ABCDEFG to be a hey wood, whoſe plot 
you deſire to take upon the plain table. | 
Having put | 
EA. we ok 
per on the ta- 5 
ble, placeyour 
inſtrument at 
the angle A, 
anddirectyour _,,/$ 
> ſights to the C 
next angle at 
B, and by the 
ſide of the in- 
dex draw a 
ine upon your 
table, as the 


line AB. Then meaſure by the hedge ſide, from the 
angle A to the angle B, which ſuppofe twelve chains, 
fve links. Then from your ſcale take twelve chains, 

| five links, and lay off upon your table from A to B. 
Then turn the index about, and direct the fights to — 
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and draw the line AG upon the table. But at preſent 


you need not meaſure the diſtance. 5 
Remove your inſtrument from A, and ſet up a mark 
where it laſt ſtood, and place your inſtrument at the 

ſecond angle B. Then laying the index upon the line 
AB, turn the whole inſtrument about, till through the 


you ſee the mark ſet up at A; and there ſcrew the 


inſtrument. Then laying the index upon the point 
B, direct your ſights to the angle C, and draw the line 
BC upon your table. Then meaſuring the diſtance 
BC feur chains, forty-five links, take that diſtance 
| A. your ſcale, and ſet it upon your table from B 
to UL. 8 
Remove your inſtrument from B, and ſet up 4 mark 
in the room of it, and place your inſtrument at C, 


laying the index upon the line CB; and turn the whole 
I 


ſtrument about, till through the ſights you eſpy the 
mark ſet up at B, and there faſten your inſtrument. 
Then laying the index on the point C, direct the fights 
to D, and draw upon the table the line CD. n 
meaſure from C to D eight chains, eighty-tive links 
and ſet that diſtance upon your table from C to D. 
Remove your inſtrument to D, placing a mark at C, 
where it laſt ſtood, and lay the index upon the line 
DC, turning the whole inſtrument about, till 22 
the ſights you ſee the mark at C, and there faſten t 
inſtrument. Then lay the index on the point D, and 
direct the ſights to E, and draw the line DE. Then 
with your chain meaſure the diſtance DE thirteen 


chains four links, which lay off on the table from DD 


to E. | | . | 

Remove your inſtrument to E, placing a mark at D, 
where it laſt ſtood, and laying the index upon the line 
DE, turn your whole inftrument about, till through 
the fights you ſee the mark at D, and there faſten the 


inſtrument. Then lay the index on the point E, and 
direct the lights to F, and draw the line EF. T 


meaſure the diſtance EF, ſeven chains ſeventy links, 
vhich take from your ſcale, and lay off from E to F. 
Remove your inftrument to F, placing a mark at E, 
where it laſt ſtood, and lay the index upon the line EF, 
turning the inſtrument about, till you ſee the mark ſet up 

| x | 5 | | at 
= -S 


hen 
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at E, and there faſten the inſtrument. Then layin 
the index on the point F, direct the fights to G, an 
draw the line FG upon tne table, which line FG will 
cut the line AG in the point G. Then meaſure the 
diſtance FG five chains fixty-ſeven links, and lay it off 
from F to G. | | . 85 bd 

Remove your inſtrument to G, ſetting a mark where 
it laft ſtood, and lay the index upon the fine FG, turn- 
ing the whole inſtrument about, till through the fights 
ou ſee the mark at F, and there faſten the inſtrument. 
hen laying the index upon the point G, direct the 
ſights to A, your firſt mark, and draw the line GA, 
which, if you have truly wrought, will paſs directly 
through the point A, where you firſt _ 

In this manner you may take the plot of any level 
plain, be it ever fo large. And here obſerve, that very 
often hedges are of ſuch a thickneſs, that you can- 
not come near the ſides or angles of the field, either 
to place your inſtrument, or meaſure the lines: there- 
fore, in ſuch caſes, you muſt place your inſtrument, 

or meaſure your lines parallel to the fide thereof; and 
then your work will be the ſame as if you meaſured the 
hedge itſelf. Take notice alſo, that in thus going 
about the field you may aſſiſt yourſelf greatly by the 
needle. For looking what degree of the card the needle 
cuts at one ſtation, if you remove your inſtrument to 
the next ſtation, and with your ſights look to the mark 
where your inſtrument laſt ſtood, you will find your 
needle to cut the ſame degree again, which will give 
you no ſmall ſatisfaction in the proſecution of your 
work. And though there be a hundred or more ſides, 
the needle will ſtill cut the fame degrees at all of them, 
except where you have committed ſome former error ; 2 
tizexefore, at every ſtation have an eye to the needle. | 
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4 
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Concerning the method of platti ng wh cloſes together, whe- 
Ws N ther the LE, be even 3 28 1 


gr 14 
cloſes, ; 
to be G 
meaſu- 
red and 
Pprotrac- 
ted ac- | | 
cording to their ſeveral ſhapes and ſituation : Firſt, 
draw the plot of the whole by the method of circula- 
tion, planting your inſtrument either at every angle, or 
only at the moſt conſiderable, either within or with- 
out, as you find moſt convenient. This being done, a 
line from B to M, gives the triangle ABM for the firſt 
_ cloſe. In the next place go round the ſecond cloſe, 
beginning at M, then to B, and fo about to M again; 
then for the third cloſe; plant your table at C, and go 
round to B, the line CB being already protracted, and 
ſo of all the reſt, ſtill obſerving which are common 
lines belonging to ſeveral cloſes, repreſenting the 
fences, that you may avoid the trouble of meaſuring 
thoſe lines oftner than once, and lay every part of 
every cloſe in its due place; and be ſure to keep the in- 
ſtrument throughout the whole work in its true poſition 
by needle, fore-ſight, and back-ſight. | 
There are divers other ways of performing this 
work, but none more ſure or plain, eſpecially if the 
ground be uneven ; for in that cafe, if you 1 
F | Accor 
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according to the length of lines meaſured from your 
{tation to the angles, you will put your cloſes into un- 

ionable ſhapes, except you reduce hypothenuſal 
has to horizontal, by inſtruments, or otherwiſe, which 
is ſomewhat troubleſome; and the like may be ſaid 
when you plot with'the chain only. 
 ' Concerning ſhifting the Paper. 
In taking the plot of a field by the plain table, and 
ing about the ſame, as before; directed, it may fo 
— when the field is remarkably large, or when 
you are to take many incloſures together, that the ſheet 
of paper on the table will not hold all the work. In 
this caſe you muſt be obliged to take off that ſheet, and 
put another clean one in the room of it; and in ploting 
a manor or lordſhip, many ſheets may be thus change 


_ which we call ſhifting the paper. To do this, the fol- 
lowing method muſt be obſerved. 4 A 
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 Suppoſein ; og about to take the plot ABCDEFG 
2 before directed, that you make choice of the = 


vantage, as 


at A for the place of beginning, and _ 
thence to B, y B to C, —1 Ci ; —_= 


vou come to the angle at D, and are to draw DE, 


2 want room to draw the ſame upon the table; do 
us: | Nr. 

PFirſt, Through che point D draw the line DO, 
which is almoſt as — of the line DE as the table 
will contain. Then near the edge of the table HM, 
draw a line parallel to HM, by means of inches and 
ſubdiviſions · on the oppoſite ſides of the frame, as PQ, 
and another line at right angles to that through the 
point O, as ON. This being done, mark this of 
paper with the figure (1) about the middle thereof, 


for the firſt ſheet. Then, taking this ſheet off your 
Table, put another clean ſheet thereon, and draw upon 
it a -- © pan to the contrary edge of the table, as 


thelineRS. 

Then tak- R 
ingyourfirſt : 
Meet of pa- 


uponthe ta- 
ble, ſo that 
the line P 
mayexactly 
Le upon the 
Iine RS, to 
the beſt ad 


at the point 
© hen 
with the g 
111 
0 bs 
— draw ſo much of the line OD upon the clean ſheet 
of paper as the table will hold. ving thus done, 


proceed with your work upon the new ſheet, beginning 


at the point O; and ſo going forward with your work, 
in all reſpects as has been before directed; as from 8 


-- * 0 


to E, from E to F, from F to G, and from G to A; 


&iftivg your paper as you have occaſien. 


D 
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Concerning the plotting of a town-field, where the feverdl 
lands, butts, 1 dies þ are very crooked ; with an obfer- 
uation concerning Bypothenuſal, ar ſloping boumdarier. | 
Suppoſe ABGDF O | Boy , © 
divided, in the manner | 
of a common field, in- 
to parts or doles, be- 
longing to ſeven ſeve- 
ral men: firſt plot the 
whole, as hath be- 
fore directed; then 
meaſuring from A to B 
upon the land, note 
down, as you go along, 
at how many chains or 
links, or both, the divi- 
ſion is between dole and 
dole, and accordingly 
mark them out by the 
help of ſcale and com- 
paſſes on the line AB 
on the paper- plot. In 1 
the very ſame manner I) 885 F. 
ou muſt meaſure, and mark out the lines O ant 
FD; which being done, take the paper from the in- 
ſtrument, and laying it before you on a table, with the 
fide AF towards you, the compaſſes muſt be fo placed, 
taat one foot reſting upon the table, the other may pals 
through the points of diviſion upon all the — 
— viz. AB, OG, and FD, as they do in the above 
Tf the content of any one or more of theſe parts, 
butts, or doles, be defired without plotting, it may 
* be found, by your plain table, in the manner 


llowing. 
Take the breadth by your chain at the head and lower 
end, and adding thoſe numbers together, the third part 

of the ſum is equated breadth ; by which multi- 
plying the length meaſured down the edge, vr middle, 
the product gives the content. | * 
But both in this caſe and that mentioned before, the 
figure of a plet may „ diſordered, not ny - 


Y 


” 
”— »„— nme 
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j the unevenneſs of the ground within, but alſo by the 
| reater declivity of the ground where the boundary 
1 Tons paſs, either of the whole plot, or particular par- 
| cels. For whereas in plotting, every line is preſumed 
[| to be horizontal, or level, that it may paſs from angle 
1 to angle the ſhorteſt way, and that every part may 
| _ duly hituated, and not thruſt another out of its right 
| place, which it wi'l, if it be not level, but falling down 
| towards a valley or riſing up a hill, or perhaps 
both; a line over ſuch greund will be falſe as to 
the plot, and therefore muſt be reduced to a level, 
and ſo taken off the ſcale, and protracted in the follow 
ing manner: | Ty 


_— A 
Suppoſe ABC to be part of a hill falling within your 
| plot, your boundary line going crooked from A to B, 
I following the ſurface of the ground. To find the hori- 
Zontal line, equal to AC, cauſe ſome period be ſtand at 
the point A, the foot of the hill, and to hold up the end 
of the chain to a convenient height, and gently aſcend- 
ing the hill, you muſt draw it level, and make a mark 
where it toucheth the hill, obſerving the number of links 
between your affiftant's hand, and that place where he 
muſt take his ſecond ſtanding, and hold it up as before, 
and fo draw it out level again, *till it touch the place 
where he muſt take his third ſtanding, noting the links 
as before; and fo proceed, till at laſt, from his fifth 
ſtanding, you draw the chain level to the higheſt point 
within your plot, viz. the point B. And as the dotted 
lines of this figure were evidently equal to the line AC, 
lo are the links noted down at every ſtation, when op. 
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_ up, equal to the horizontal line of that part ef the 
hi * 4 
12 the very ſame manner, only inverting the order, 


you may find the horizontal lines going down hill, 


where that is moſt convenient; and if there be both 
aſcents and deſcents in one line betwixt two angles, 
the horizontal lines of both muft be found and joined 
together without protraction. 


All that has been ſaid concerning . ee of riſing 
00 


or falling ground, is to be underſtood when they are 
conſiderable, and a very exact plot required; for ſmall 
ones, eſpecially when much exactneſs is not expected, 
are not to be attended to. 


Concerning taki! inacceſſible diſtances the-plain table, 
and acc ible ee 2 5 | 
In order to anſwer A =D ä 


queſtions of thiskind, 
it will be neceſſ⸗ 
to meaſure the diſ- 
tance between two 
ſtations, properly 
choſen on the banks 
of the river, from 
whence ſome object 
on the * bank 
may be ſeen; then 
take the angles at 
each ſtation, and mea- 
ſure very accurately f 
the diſtance between B. 


them ; theſe obſervations being plotted, the diſtance” 


may be eaſily meaſured. 


EXAMPLE. 


Let AC be the unknown breadth of a river,. over 
which the General, that he may inform himſelf how- 


many boats and planks are neceſſaryto be brought, com- 
mands you to tell him the true diſtance from A, where 


he is at preſent to C, a little boat-houſe on the other 
ſide the water, ee 


A 16 


I 
——— ——_—_— 
hl 
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To fatisfy his demand, plant your table covered 
with paper at A, cauſing a mark to be ſet up at B, 
at a good diſtance frem you, along the bank of the 
river, the further the better, if the diſtance does not 
hinder the fight; then having chofen a point to re- 
preſent A, and laid the fiducial edge upon it, direct 
your fights towards C and B, and ftrike lines towards 
them, which done ſet up a mark at A, and from thence 
meaſure to B, ſux chains, thirty-two links, and plant 

our inſtrument at B, laying the fiducial edge to 
the line A B, and turning about the head of the in- 
itr ument upon the ſtaff, till through the fights you ſee 


the mark at A, and then ſcrew it faſt, 


In the laſt place take fix chains, thirty-two links 


_ off your ſcale, and fet it on the line AB, from A to 


B, and laying the fiducial edge to the point B, from 
the nce direft the fights to C, and draw the line BC, 
mee ting or cutting the line AC in C: ſo ſball the ſpace 
AC meaſured on the ſcales, viz. eight chains, Cwenty- 
nine links, be the diſtance required; and becauſe the 


chain is twenty-two yards long, if you multiply 8.29 
dy 22, the product is 182 yards, and s of a yard, 


which by reduction is ſomething more than 13 inches 
and Jof an inch. | _ 
How to take the height of a tree, tower, or ſteeple 
by a protractor, without any arithmetical operation. 
ang a plummet with a fine ſilk thread to the center of 
it, and hold it ſtedfaſtly with that end to your eye 
where the numbers begin, then look ſtreight along the 
diameter, ſtill removing backward and forward as there 
is occaſion, till you ſee the top of the tree, tower, or 
ſteeple, and the thread at the ſame time fall upon forty- 
five degrees, ſo ſhall the diſtance from your eye to 
the tree, tower, or ſteeple, meaſured in an horizontal 
or level line, together with the height of your eye 
—_ the bottom of it, be equal to the height of t 
If either for convenience of fight, or any other rea- 
fon you think proper to place the other end of the dia- 
meter to your eye, then the thread for the above trial 
muſt fall upon 135 deg. inſtead of 45. 
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To meaſure an. acceſſible height by means of a plain Mirror. 
Let AB be the height to be meaſured; let the 


mirror be placed at C, in the horizontal plane BD, 
tain point of it, 


at a known diſtance 

BC; let the ob- . 
ſerver go ba k to D, = 
which he muſt dili- 255 | 
gently mark ; and let DE-be the height of the obſerva— 
tor's eye. The triangles ABC and EDC are zquian- 


till he ſee the 1 

of the ſummit in 

gular ; for the angles at D and B are right angles; and 
ACB, ECD, are equal, being the angles of incidence | 


the mirror, at a cer- 
and reflection of the ray AC, as is demonſtrated in 
optics ; wherefore the remaining angles at A, and E, 
are al ſo equal: Therefore, by 4th, 6. Eucl. it will be, 
as CD to DE, ſo CB to BA; that is, as the diſtance of 
the obſervator from the point of the mirror in the right. 
line betwixt the obſervater and the height, is to the 
height of the obſervator's eye, ſo is the diſt of the 
tower from that point of the mirror, to the height of | 7 
the tower ſought ; which therefore will be found by te 
rule of three. SET 5 

Note 1. The 6bſervator will be more exact, if, at 
the point D, a ſtaff be placed in the ground perpendicu- 
larly, over the top of which the obſervator may ſee a 
point of the glaſs exactly in a line betwixt him and the 
tower. 5 

Note 2. In place of a mirror may be uſed the ſurface 
of water contained in a veſſel, which naturally becomes 
parallel to the horizon. | 


VH 


To meaſure an acceſſible height AB bymeans of two flaſfs. 
Let there be placed perpendicularly in the ground a | 
longer ſtaff DE, likewiſe a ſhorter one FG, ſo as the < 
| : H.4. obſervator: 


4A, is equal to the 


ſhadow EF: The — 
triangles ABD, OS”, 115 


de erected in the ſame plane, the Fu will be the ſame. 
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obſervator may ſee A, the top of the height to be mea. 
ſured over the ends D, F, of the two tak; ; let FH and 
DC, parallel to the horizon, meet DE and AB in H 
and C; then the triangles FHD, DCA, alf be 
æquiangular; for 1 
the angles at C and | | 
H are right ones; 
likęwiſe the angle 


angle F H, by 

» Eucl.; en = a 
fo the remaining 
angles DFH, and ADC, are alſo equal : wherefore by 
4. 6. Eucl, as FH, the diſtance of the ſtaffs, to HD 


the 
exceſs of the longer ſtaff above the ſhorter ; - fois DC, 


the diſtance of hs 1 longer ſtaff from the tower, to CA, 
the exceſs of the heig Rt of the tower above the longer 
ſtaff. And thence CA will be found by the rule of three. 
To which if the length DE be ad ol, you wen have 
the whole height of the tower BA. 
330 


e 


Many other methods may be occafionally contrived 
for meaſuring an acceffible height. For example, from 
the given length of the ſhadow BD, I findout the height 
AB, thus : Let there be crevices a ftaff CE perpendſcu- 
larly „producing the 


CEF, are æquian- 8 
gular; forthe angles „ MT. 
at B, and E, are | | — 
right; and the angles Wo „ 

A B, CF Eare e — ER + 2 m—_—_— ''B 
each deing eq IF, E „% 
the angle of the ſ 4 8 


elevation above the horizon: 3 by 4th, 6. Eucl. 


as EF the ſhadow of the ſtaff, to EC the ſtaff itſelf, ſo 
BD the ſhadow of the tower, to BA the height of the 
tower. Though the plane on which the thadow of 
the tower falls be not parallel to the horizon, if the ſtaff 


To 


mm © B ©... 
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To meaſure an inacteſſible height by means of two Haff . 


| Hitherto we have ſuppoſed the height to be acceſſible, 
or that we can come at the lower end of it; now if, be- 
cauſe of ſome impediment, we cannot get to a tower, 
or if the point whoſe height is to be found out, be the 
ſummit of a hill, ſo that the perpendicular be hid 
within the hill; if, I ſay, for want of better inſtru- 
ments, ſuch an inacceſſible height is to be meaſured by - 
means of two ſtaffs, let the firſt obſervation be made 
with the ſtaffs DE and FG, as in prop. I. then the ob- 
{ervator is to go off in a direct line from the height and 


firſt ſtation, till he come to the ſecond ſtation; where 


he is to place the longer ſtaff perpendicularly at RN, 
and the ſhorter 
ſtaff at KO, fo 
that the ſum- 
mit A may be 
ſeen along their 
tops; that is, 
ſo that the 
points RNA 
may be in the | | : 

{ame right line. Thro' the point N let there be drawn 
the right line N parallel to FA: wherefore in the 
triangles KNP, KAF, the angles KN, KAF are equal, 
by the 29. 1. Eucl. alſo the angle AK F is common to 
both; conſequently the remaining angle KPN, is equal 
to the remaining angle KFA. And therefore, by 4th, 
C. Eucl. PN: FA: : KP: KF. But the triangles 
PNL, FAS are ſimjilar; therefore, by 4th, 6. Eucl. PN : 
FA:: NL: SA. Therefore, by the 11. 5. Eucl. KP: 
KF::NL : SA. Thence, alternately; it will be, as 
KP (the exceſs of the greater diſtance of the ſhort ſtaff. 
from the long one above its leſſer diſtance from it) to 
NL, the exceſs of the longer ſtaff, above theſhorter ; fo 
KE, the diſtance of the two ſtations of the ſhorter ſtaff, 
to SA, the exceſs of the height ſought above the height 
of the ſhorter ſtaff. Wherefore SA will be found by 
the rule of three. Co which let the height of the ſhorter 
ſtaff be added, and the ſum will give the whole inaccel- 
ble height BA. | 3 


Note 
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Note 1. In the ſame manner may an inacceſſible 
height be found by a geometrical ſquare, or by a plain 
ſpeculum. But we ſhall leave the rules to be found out 
by the ſtudent for his own exerciſe. | 

Note 2. That by the height of the ſtaff we under. 


ſtand its height above the ground in which it js fixed. 


Note 3. Hence depends the method of ufing other in- 


ſtruments invented by Geometricians ; for example, of 


the Geometrical croſs: and if all things be juſtly weigh- 
ed, a like rule will ſerve for it as here. But we inclige 
to touch only upon what is moſt material. 7 


F I G. IX. 


To meaſure the diſtance AB, to one of whoſe extremities we 
have acceſs, by the help of four ſtaffs. 


Let there be a ſtaff fixed at the point A; then going 


back at ſome ſenſible diſtance in the ſame right line, let 


another be fixed in C, ſo as that both the points A and 


B de covered and hid by the ſtaff C; likewiſe going off 


in a perpendicular from the right line CB, at the point 
A, (the method of doing which ſhall he ſhown in the 
following Schalium), let there be placed another ſtaff at 
H; and in the K TE 
rightline CEG — 


(perpendicular 0 | NE __ 
to the ſame CB, 1 wy 
at the point C), 1 5 
and at the point C A ras png | 
of i: K, ſuch that the points K, H, and B, may be in the 
ſame right line, let there be fixed a fourth ſtaff. Let 
there be drawn, or let there be ſuppoſed to be drawn, 2 
right line HG parallel to CA. The triangles KHG, 
HAB will be æquiangular; for the angles HAB, KGH 
are right angles. Alſo, by 29th, 1. Euel. the angles 
ABH, KHG are equal; wherefore, | the 4th, 6. 
 Eucl. as KG (the exceſs of CK above AH) to GH, or 
to CA, the diſtance betwixt the firſt and fecond ſtaff; 
fo is AH, the diſtance betwixt the firſt and third Raff, 
to AB the diſtance fought. - 
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To draw on a plane right line AE perpendicular to. 
CH, from a given point A; take the right lines AB, 
AD, on each ſide _ ; E 
and in the points B and | 2 | 
D, let there be fixed ſtakes, . 
to * 3 oe | = | 
two equal ropes BE, DE, . \n w {| 
(or one having a mark in. Cf - DK | 
the middle, and holding in your hand their extremities | 
joined, (or the mark in the middle, if it be but one), | 
draw out the ropes on the ground; and then, where | 
the two ropes meet, or at the mark, when by it the rope | 
is fully ſtretched, let there be placed a third ſtake at 
r E; the right line AE will be perpendicular to CH in | 

the point A, by 11th, 1. Excl, In a manner not un- | 
| like to this may any problems that are reſolved by the | 


FT 


BY. 8 weny 05 


ſquare and com Ss, be done by ropes and a cord 
_ round as a radius. | ones 


WAP. IL | 
Of meaſuring BRIcKLATER's WORK. . 


Diſcipulus. T there any difference between meaſuring 

: bricklayer's work, and meaſuring ſu- 

perficies in general? | 
Phila. There is no difference in finding the content; 

; but there 1s a very material difference in. taking the di- 
menſions, and finding the true value of any piece of || 
work; becauſe walls are of different thickneſs ; ſome - 
times ornamented, ſometimes not; it will therefore be 
neceſſary to explain theſe particulars ; for otherwiſe it || 
will be impoſſible to meaſure truly the ſeveral particu- |! 

lars of bricklayer's work. | 

nw. How are the dimenſions taken ? = 2 
Phila, The dimenſions in brick-work, are eſti- 


yr Yo Fr VT Rm er uy 


da * © 


7 @ May 


mated by the rod, confifting of 16 feet and a half, | 
therefore the reſult is in ſquare rods of 2724 ſquare | 
fcet each. 
Hence, in practice, they divide the area found in 
ſquare feet by 272, and the quotient will be the rods || 
required, 2 


. "M8  Brick- | 


w 


which is common 


. workmen call the Soffe, or under part of it, includ- 
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VN always 8 or value their work at 
the rate of a brick and an half thick; and if the thick- 
neſs of the wall happen to be more or leſs than that 
ſtandard, it muſt be reduced to the above thickneſs, in 
the following manner. 

Multiply the area of the wall, by the number of 
half bricks, contained in the thickneſs of the wall; 
divide 2 product by 3, and the quotient is the area 
Equired. | = 

rick walls are fometimes wrought part of the wa 
two inches thicker than the reſt of the work; theſe 
two inches m—_— as a water-table to the wall, 
y ſet off about two feet above 

the ground; the brick-work may therefore be mea- 


| fured at the ſame thickneſs, which is above the water- 


table; and then the two-inch-work may be mea- 
* and afterwards reduced to that of a brick and 
2 half. | 

Diſcip. I now ſufficiently tunderftand why there 
is a neceſſity for dividing general menſuration of 
ſuperficies into different kinds: but you alſo men- 
tioned ſomething of ornamental work; I ſhould be 
glad to hear you explain what you meant by that ex- 
preſſion ? 5 


- Phila. By ornamental mark is meant the arches 
over doors, windows, &c. Facias, Architraves, rubbed 


Returns, Friezes, Cornices, Ruſtices, &c. Piers, Co- 
lumns, Pilaſters, &c. which are valued by the ſquare foot. 
But the bricklayers in general underſtand, by orna- 
mental work, thoſe particular parts in a building, which 
ate ground, ed, or poliſhed. Others call carved 
mouldings, &c. by the name of ornaniental work; but 
this is generally undertaken at a certain price per foot, 
running meaſure. „ 

Diſcip. I am greatly obliged to you, Sir, for your 
kind intelligence ; buc ſhould be glad to know how the 
dimenſions of ſuch works are taken. 9 


. Philo, When the content is to be found in ſquare 


meaſure, the length is meaſured where it is greateſt, 


and the height or breadth is meaſured by extending 


the line from the upper part of the ſurface, to what 


ing 


% 


ing in this the bottom home to the back part of the 
bricks; The ſame method is obſerved in meaſuring 
Cornices, and Facias, &c. They are girt over al 


their ſurfaces, including both the upper and under re - 


turns, no part being omitted. © t e e Wt. 

It is alſo neceſſary to obſerve, that when two walls 
join in an angle, they meaſure the length of one on the 
outſide, and that of the other on the inſide; the ſum 
of theſe two menſurations, being conſidered as the true 
length of the whole wall. N . 4/52 

In all buildings of any height, the thickneſs of the 
walls decreaſes as they riſe; and this deereaſe conſiſts 
generally of half a brick. The thicknefs is ſet off on 
the inſide, and generally in a place where the floor 
will be laid; a contrivance by which the ſet-off is 
concealed, Fheſe different thicknefles therefore muſt 
be meaſured ſeparately, their areas found, and then 
added together; for that ſum gives the true content of 
the wall. e | 

If a chimney ftand by itſelf, without any party- 
wall being joined to it, they meafure it in the follow- 
ing manner : they girt it about for the length, and 
reckon the height of the ſtory for the breadth : The 
thickneſs mutt be the ſame with that of the jaumbs, 


provided the chimney. be wrought upright from 
ting any 


the mantle- tree to the cieling; not dedu 
thing for the vacancy, between the mantle-tree and 


the hearth, becauſe of the gathering of the breaſt 


— wings to make room for the hearth in the next 
ory. | - 
"But when the chimney-back is a party-wall, and 
the wall meaſured by itſelf; they take the depth of 
the two jaumbs, and the length of the breaſt for the 
length; the height of the ſtory for the breadth; and 
the thickneſs of the jaumbs for the proper thickneſs- 
With theſe dimenfhons the content of the chimney is 
eality found. | | 
Chimney-ſhafts, or thoſe parts which appear above 
the roof, are meaſured by girting them with a line 


about the .Jeaſt part for the length; and taking the 


height for the breadth, if they are four inches thick- 
nels and one brick; but if they are nine inches, they 
| * reckon 
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| oben he thickoafs at 2 brick * a da in conſidera- 
tion of their plaiſtering, or as call it, pargeting, . 
the inſide of the ſhaft, and the trouble of rai the 
ſcaffold. In ſome places, indeed, it is cuſtomary to 
allow double meaſure for chimnies. 2 
When the chimney ſtands in one of the angles or 
corners of the room, they multiply half the product of 


the height into the breadth of the breaſt or front, and 


reckon the thickneſs by that of the jaumbs. 
But you muſt always remember in meaſuring brick- 


work, that you muſt deduct the ſpaces left for doors, 


windows, &c. 
Diſcip. I am highly obliged to you for this explana- 


"tion, and perceive that the difficulty conſiſts in tak- 
ing the dimenſions properly, and reducing the whole 


to a brick and a half thick; that is, by multiplying 
2 by the number of half bricks, and dividing the 
rod 3. 5 | 

- Phila. You are extremely right, Diſcipulus; and in 
order to ſhorten the latter part of the work, I mean, to 
fave the trouble of multiplying the area by the number 
of half bricks in the wall, | wg and dividing that pro- 
duct by 3, I have calculated the following TABLE, 
which will ſave a great deal of trouble, and remove the 
danger of committing miſtakes, L 
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For reducing Brick work of any thickneſs to the 


ſtandard thickneſs of one brick d a half. 
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| 4. R 
11 Quarter. oO 1 2 2 46 
2 Quarters. © 3 o 1 22 
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ExPLANA TION of the foregoing TABLE. 


At the head of the table is fet the thickneſs of the 
wall, in bricks and half bricks, from half a brick in 
thickneſs to ſix bricks. 


In the firſt column is placed the number of the rods - 


contained in any wall, from one quarter of a rod 
to twenty-one rods; and againſt | thoſe numbers, 
in the other columns, ſtands the- quantity of brick- 
work, in rods, quarters, and feet which à wall con- 
_ of any of theſe thickneſſes, at the head of the 
table. | 


ExAM II I, 
If a wall upon the ies eontains twelve rods, 


and it be three bricks anda half in thickneſs, how many 


rods does the wall contain of the ſtandard thickneſs of 
a brick and a half ? 


Find twelve rods in the firſt, and under three 


bricks, 5, at the head of the table, in the angle of 
meeting, you will find 28 rods ; which is the true 


quantity required at the ſtandard thickneſs of a brick 


and half. 


= . 
If a wall be four bricks and a half thick, and con- 


tains upon the ſuperfic ies nineteen rods, how many rods 
of brick-work are contained in that wall, at the ſtandard 
thickneſs? | 


Look for nineteen rods in the firſt column, and 
under 4 bricks 2, you will find fifty-ſeven rods, the 
content required, — 

The ſame may be obſerved as to any other wall. 
Diſcip. I think your directions fo very plain, that 
I thoroughly underſtand the whole, and therefore 
ſhall not give you the trouble of anſwering any quet- 
tions. | 

Philo. It gives me great pleaſure to hear you under- 
ſtand my inſtructions lo readily x indeed I have endea- 
voured to render them as plain and evident, as the na- 

| e 7 | ture 
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ture of the ſubje& will admit. But before I conclude 
this chapter of bricklayer's work, it will be neceſſary to 
explain the method Ts : 


| Of meaſuring gable- ends. 

Diſcip. What do you mean by gable-ends ? 

Philo. By a gable-end is meant the upright triangu- 
lar end of a houfe, from the Cornice or Eaves, to the 
top of the roof ; and: therefore the content is found by 
the ſame method as. that already given in page 17, for 
meaſuring triangles. 

But it is a common praGice with workmen to 
meaſure the breadth. of houſe, which conſtitutes 
the baſe of the triangle; and then meafure the 
length of the rafter, adding to it half its | 3 
and the half of that ſum will he the length of the 
perpendicular required. But this rule is true only 
when the roof is what they call @ trus puch; that i 
when the rafters are three quarters of breadth 
the building. . | 

I would therefore always adviſe you to meaſure the 
length of the perpendicular; or, if that cannot be 
ealily done, to ſquare both the length of the rafter, and 
half the length of the baſe ; ſubtract the leſſer from 
the greater, and extract the ſquare root out of the re- 
mainder, which will be the true length of the perpen- 
dicular required, . 
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As the as 
meaſuring 
of gable- 
ends is of 
ſome con- 
ſequence in 
finding t 
contents of 
bricklayers 
work, and 
is often mi- 
ſtaken by _, 
workmen, 11 JU" 
thediagram A F bs 
will explain the true method of proceeding, and 
point out the errors that often ariſe by following the 
common rule, with regard to the length of the per- 
pendicular. 5 S43*ir | 
The triangle ADB, repreſents a gable-end of a true 
pitched roof, that is, when the length of the rafter 
AD=DB, is three fourths of the length of the baſe 
AB. In this caſe the length of the perpendicular DF, 
will be truly found by the common method: But if 
the roof be above true pitch; that is, if the rafter AC 
de more than three fourths of the baſe AB, the length 
of the perpendicular CF, cannot be found ſufficiently - 
near the truth by the common rule. For CF is con- 
ſiderably greater than DF; and conſequently the whole 
fpace between ACB and ADB will be loſt to the work- 
man. On the contrary, if the roof be below the true 
pitch; that is, if the rafter AE=EB be leſs than three 
fourths of the baſe AB, the perpendicular EF will be 
ſhorter than DF ; and conſequently the workman will 
be paid for the ſpace between ADB, and AEB, above 
what hc has really done, I would therefore adviſe you 
never to truſt to the workmen's common rule, ttill you 
are aſſured by actual menſuration, that the roof is 
truly pitched ; becauſe you are then ſure of be- 
ing right, and becauſe the true method is attended 
with very little trouble, more than the common * 4: 


— — — — — nts 
— 
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. 


Theſe particulars being well conſidered, you will 
find no difficulty in meaſuring any kind of works per- 
formed by the bricklayer: I ſhall therefore finiſh 
this / "Hy of menſuration, with ſolving the following 

ueſtion. 55 | Es 
. What will the bricklayer's work for erecting the 
walls of a houſe, at S 108. the rod, amount to, 
_—_— the walls to be of the following dimen- 
ſions: 1 
. the height of the roof from the ground 5 feet 6 inches, 
and the gable to riſe 10 feet 6 inches, the 
true pitch : The ſide-walls from the bottom to 20 
at 2 bricks and a half thick: 20 feet more{at 2 bricks: 15 
feet 6 inches more at 1 brick and a half thick; and the 
gable-end 1 brick thick? 


SOLUTION. 
FIRST DIMENSIONS. 
28.5 Thelength. 
= | 5 
5 Half bricks thick. a 
3]/285olggo Area in feet. | 


"SECOND | 


* 


he ſide-walls 28 feet 6 inches in length, 


roof _ 8 
cet 


* 
* 
r ˙—˙i½ ˙ ⁵2ʃ ä — nn Om 


1 
' 


—— 
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SECOND DIMENSIONS, 
28.5 


31228.o[760 Area in feet, 
21 SD” 


n 
8 


i 
3 


0 


Trikyd DIMENSIONS, 


5 441-75 Ao in fins.” 


„ F OURTH OO or GapLa-Evs. 


| = Half perpendicular of the gable, 
_ | 
151.05 | 
| 2 


31302.101100.7  Agea in feet, *” 

* . 
021 
21 


+» 


880 


——......—... >. 
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o PFirſt dimenſionnss ö 
441.75 Third 
„ | 
Then as 274 fret. (a Fquare rod) Wo 
is to 5.5 : : 2252.45 © 45-545 vr bi: 5 . 
| - SY 9 
126225 . 
1120225 
272)12388.475 (45-545 
% 
10.900 
FTW 
| Of meaſuring CanrExT EAS Work. 


Diſcip. What methods are made uſe of by carpenters 
in meaſuring their works ? 

Philo. Carpenters, in meaſuring their works, have re- 
courſe to different methods ; becauſe the different parts 
of their empl t render different methods of men- 
ſuration neceſſary. But at the ſame time you muſt re- 
member, that theſe methods vary only in taking the di- 
menſions; ſor when theſe are truly found, con- 
tents will be had, from the common method of mea- 


luring geometrical figures, Diſeip. 
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Diſcip. This explanation has removed ſeveral di. 
culties which occurred to my mind. I was perſuaded, 
that the areas were found by the ſame methods that are 
uſed for finding them in ſimilar figures; and there. 
fore required very little explanation; asT hope, I have 
ſufficiently retained all the rules you have been kind 

rpoſe 


enough to lay down for that purpoſe. But I ſhall now 
liſten very attentively to your explanation of the me- 
thods taken by theſe practical artiſts... . . _ 

. Phils. Carpenters works, which are meaſurable, are 
flooring, partitioning, and roohng,allwhich are meaſured 
by the ſquare of ten feet long, and ten broad, ſo that one 

ſquare contains an hundred ſquare feet. 


een 


The dimenſions of floors are taken within the walls; 
but thoſe of joiſts and girders are meaſured by the 
length of the room, and alſo by the diſtance they are 
let into the walls, ms ERS 


ExAMP L x. I. 


If a floor be 57 feet 3 inches long, and 28 feet 6 in- 
ches broad, how many ſquares of flooring are there 
in that room? To know this, multiply 57 feet; 

inches, by 28 feet 6 inches, and the product will 
be 1631; divide this by 100, which is done by cut- 
ting off two figures towards , the right hand with a daſh 


of the pen, and the remaini gures are the quo- 


tient, and the figures cut off are feet. Thus if you 
divide 1631 by ioo, that is cu off 31 from the right 
hand, the quotient will be 16 {qu ves, and the 31 cut off 
| 3's 1 „ 


v . 
- — 98 ” 1 ” 
. q * " ay 1 * 
. 
7.3 FI. 1 ait ; 
"v4 4» . ö 4 
* 
8 4 a ; : 5 
N EY = £%.3 
- * 
' * 3 ? 


Oo 


—̃— — — — —ñ— ö — — 
* 
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| Operation by decimals, and alſo by lat and iu 

57-25 | | 5 
28 = 28, 6 : 
25 | 456 

- 45800 11 

* *. F | ; 46. 7. 6 | 

— | „ 


Anſw. 16 ſquares, 31 feet. — 7. — 


EXAMPLE II, 


If a floor be 53 feet 6 inches long, and 47 feet 9g 
inches broad; how many ſquares are containe in that 


floor? 
OPERATION, 
| | g . 
47.75 SY 53-6 
„ 53» 5 f 4 
23875 371 
14325 212 
_23875 | 26.9 4 
Zola bas 13.4.6 
3 23.10. 6 


Anſw. 25 ſquares, 55 feet 25175 0.0 


Of PARTITIONING, 


The dimenſions of partitions are taken in the ſame 
manner as thoſe of * and therefore require no far- 
ther explanation. © 0 


Examyetle I. 


If a partition between rooms be in length 82 feet 6 


inches, and in height 12 feet 3 inches ; how many ſquares 
are contained therein ? 


I | Operation 


10 


2 N . AO AE es 8 
; = 1 » 5 2 6 
-- > * Bos net — — — —— ũ mwß — 2 — IK 
» 
* 


——— eee el 
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Operation by decimals, and alſe by feet and inches. 


 10[10.625 Anſw. 10 ſquares, 10 feet. 


anſwer in ſquares, 


| . I. 
12.25 | | $2.6 
82. 5 | : 12. 3 
6125 | 990.0 
2450 os 20,7-6, 
98500. o 12 


ExamMmPLE II. 


If a partition between rooms, be in length 19 feet 9g 
inches, and in breadth 11 feet 3 inches; how many 
ſquares are contained therein? e 


Operation by decimals, 
19.75 


11.25 
9875 
3950 
Sd - 
3 
222.1875 
Anſwer, 2 ſquares, 22 feet. 


ts 


Or RooFins. 


It is a rule among workmen, that the flat of any hou ſe, 
and half the flat thereof taken within the walls, is equal 


to the mealyge of the roof of the ſame houſe ; but this 


is when the roof is true pitched; for if the roof be 
more flat or ſteep than the true pitch, it will meafure 
more or leſs accordingly ; multiply therefore the length 
and breadth together, to that 12 add half the 
ſum, „and the total being divided by 100, will give the 


Ex Au TRE. 


Or MEASURINGS 


EXAMPLE. 1115 


eee be 44. feet 6 inches FER 
and 1 feet; 3 inches broad, how _ — reohng. 
will cover: — houſe ?. Y 


179 
* 


3 
1.28 : 083.2 
1 „ "7-4" -. 
9125 | _ 
7.390 { _ 
7309 . | | 4 9.0 2 bf 
Flat $12.125- | Flat 8$842,1,6- 
Half 406 _ Half 406 
12118 Anſw. 12 ſq. 18 feet. 1218 


In the meaſuri k of carpenters, there are two 
things which De- — to: 


Firſt, in the meaſurin fl after the whole 
floor has been meaſured; = — deducted out of 


it the well-holes for — and chimnies; and in par- 


titioning, for the doors, windows, &c. except, by agree- 
ment, they are to be _—_— | 
Secondly. In mealuringof rockin ſeldom de- 
| Pe rc made for the holes for chimney ? 


or the vacancies. for the lanthorn-lights and ſky-lights, - 
as they are more trouble to the workman, 
that would cover them is worth. | 


CHAP. IV: 


Or Mnacrnmc GLAZIERS-WORK.. 


Glaziers generally meaſure their wark to a quarter 


of an inch, and never make any allowances for round 


or ovaÞ windows, but always meaſure” them to the 
greateſt * for there is more trouble in cutting the 


glaſs to thoſe ſhapes, than the value of the glaſs omitted. 
When che dimenſions are thus accurately taken, the 


content in feet, * 1 cafily found by the | me-. 


than the ſtuff⸗ 


ſions of quarries 


range, ſide, 


nominatiom of the ſize, viz. whether 8s. 10s. 128. &c. 


thods already laid down for meaſuring ſuperficies, and 
which need not be repeated here. But as theſe tradeſ- 
men give r to the various dimen- 
uſed in glazing windows; it will 
be neceſſary to add an explanation of theſe terms, and 
then ſhew how they are meaſured, and the content found 


in feet, inches, and parts. 


The range, which is a perpendicular let fall from one 
of the obtuſe angles to the oppoſite fide, when the length 


js the longeſt diagonal, from one acute angle to the 


other, and the breadth is the ſhorteſt diagonal, which 


is drawn between the two obtuſe angles; as for the ſides, 
and area of the quarry, theſe are well known to all. 


Glaziers generally conſider twelve forts of quarries, 
from whence ariſe divers propoſitions of infinite uſe to 
Glaziers; as 25 e . 

Firſt. Lo find any of the dimenſions, as range, ſide, 
length, and breadth, of any Tort of quarries. 6 b 1 
Secondly. To find the area of any ſort of quarries. 
'bturdly. yu any of the dimenſions given, viz. 

; or length, to find the name or de- 


Fourthly. Having the area of a quarry given, to find 


of what ſort or ſize it is. 


Fifchiy. To find whether a window be glazed with 
thoſe, they call ſquare quarries or — ones; for it is 
to be obſerved, that there are ſix f:zes of ſquare quarriee, 
— ® fizes of long quarries, which make twelve forts 
Glazier's work is meaſured by the foot ſquare; 


ſo that the length and breadth of a pane of glaſs in 


feet, being multiplied into each other, produceth the 


Content. 


It ſhould be remarked that Glazieys uſually take 


their dimenſions very accurately; and in multiplying 


feet inches, and parts, the inch is divided into 12 
parts, as the foot is, and each part is alſo divided 
unto 12, 3 
| ExamPLe I. 
If a pane of glaſs be four feet eight inches, and 


three quarters long; aud one foot, four inches, _ 


| 


or MEASURING. er. | 


one quarter broad, how many feet of glaſs: does it 


contain? 


4 Ne — 13 1.352 * 


357 

F. I. P. + \ 4.729 

4 8 9 > + 

. 205. "Wi — 18916 

22 9 23645 

. 11187 
22 5 | 4729 

8314 2 3 6.403066 


Facit 6 feet 4 inches. 


ExXAMPLE II. 

If there be eight panes of glaſs, each four feet, fevers 

inches, three quarters long, 1 one foot five inches 

one quarter broad, how many feet of glaſs are con- 
nnd in the ſaid eight panes? 


The decimal of] Inchesf lis . 
l 5 Inches 7.47 
F. I. P. - N 
© I - © 
BO Rag 32522 
2 5 a 9 : 13938 
1 | _— 
S:hr2:5:s 464 2 
| 8 | | 5.676302 
2 m—_— 3 
— 33 
Facit zz feet 5 inches. 


Ex AML E III. | 
If there are ſixteen panes of glaſs, each four feet, five 
inches, and a half long, _ one foot four inches and 
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ed in them ? 


* by 


4 3 5 : ® 4-458 
e en 3 
1 6 2 22290 
L TT; $0122 
3: 4:1:6 13374 
S => 3: S$: 7-6 3 
3 3 4 6.218910 
24 : 10 8:6: 0 "FRA 
-- . 24.875640 
eee 1 
5 | D 09.co2560 


Facit gg feet 6 inches. 


It may be obſerved, that inſtead of multiplying by 
rs, 1 multiplied dy 4 twice, . 


When windows have half rounds at the top, they 


are to be meaſured at their full height, as if they were 


ſquare. For the ſame reaſon, round or oval windows 
are meaſured at the full length and breadth of their 
diameters, | - | 
In like manner are crotchet-windows in ſtone-work 
meaſured by their full ſquares; and for this plain rea- 
Ton, that the trouble of taking their dimenſions to work 
by, the waſte of glaſs in working, and the time ſpent 
" 1 up, is far more than the value of the 
glaſs. | 


E 
Or MEASURING Joiners-WORK. 


Joiners meafure their work by the yard ſquare ; but 
they take their dimenſions differently from others. In 
taking the height of a room, about which there is either 
cornice, ſwelling pannels, or mouldings, they begin at 
the tap with a ſtring, and girt over all the mouldings. 
which makes the room meaſure much higher __ 

. 8 LTeally 


or MEASURING. 22; 
really is ; but in meaſuring about the room, they take 
it ns as It is upon the floor. ES 

| RvLE. 
Multiply the compaſs by the height, and the product 
divided by g will give the anſwer, | 
VW 
If a room of wainſcot being girt downwards over 
the mouldings be 1; feet 9 inches high, and 126 feet 3 


inches in compaſs, how many yards are contained in 
:hat room ? __ 


8 1 1 
4 "226 > 25 | 
Me OV. WY. | _— + 
126 Ed 
63 *-7 7 & | | 63125 
31:6:9 126253 
12 971988 
— 211288.4321. 
901988: 5: 3 | 


220 : 8 


Anſw. 220 V: 8 F. 
EXJAMPLE II. | 


If a room of wainſcot be 16 feet 3 inches high, 
girt over the mouldings, and the compaſs of the 


room is 137 feet 6 inches, how many yards does it 


14 F. I. 


— —— — — 
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| F. T. I 
| "B27 2 6 | EY 
| 16 : 3 i * 
. 930 TR | 6875 
1 137 „ 2750 
1 —— 78: 6 | 8250 
9)2234 : 4:6 1375 
249: 2: 0 2221.32 


| * 248.2 


Anſw. 248 yards. 2 feet. 


1 In meaſuring doors, window-ſhutters, and all ſuch 
1 work, as is wrought on both ſides, joiners are paid for 
(| work and half work ; therefore in meaſuring all ſuch 

| work, the content muſt firſt be found as before, and 
| half that content muſt be added to it, which will give 


te content at work and half, 
| 5  ExamyeLe III. 
if Nabe window-ſhutters be 69 feet 9 inches broad, 
aud s feet 3 inches high, what is their content at work 
i 3 : 
1188 | 2 29 69-75 
| ES. 9.25 
is - 418 : 6 34875 
ik r = 1325 
F 435 11: 3 _—_ 
| 207 :--03-297 -- | 435-9375 
[ _9J653 : 10 : 10 — _. 
| ave” "IR 9)653. 9062 
| 2 72.5 
| - Anſw. 72 yards, 5 feet. 


CHAP. 


or MEASURING. 125 
JJ 


Or MEASURING PAINTERS-WORK. 


The method of taking the dimenſions „ Is the 
ſame with that of joiners, by girting L. 4 mould- 
ng. up, after 

the dimenſions have been — and reduced into yards, 


ings, &c. in taking the height. The 


is likewiſe the ſame with that of joiners work; but the 
painter never reckons work and half; but reckons his 
work once, twice or thrice coloured over. 

It ſhould however be obſerved, that window- lights, 


windew- bars, caſements, and ſuch like —_ 
done at fo much per piece. 


Fxanvis 


Kaas be painted, whoſe height, being girt over 


the mouldings, is 16 feet 6 inches, and the 4 and of 


the room be 97 feet 9 — how many — are bers 
in that room: 


. 
97:9 97.78 
"3 _ > Bp : . 
584 18875 
k : | 58650 
48 : 10:6 . 
9)1612.; 10:6: | 16132. 7 
155 Auſwer 179 * 1 foot. .. 
- OH AP. VIR-- 
Or Mz ASURING PLaSrERE RS-WORK.. 
** works are of two kinds: 


— Lathed and plaſtered work, which they call 

ceilin 

- "Secondly, | Rendered work, which is of two forts, - 

. viz; upon brick-walls or between quarters, and in 
the 1 between ** all which are meaſured 


5. by . 


. —————— nu — 


Like, in a. 
ahem. 
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by "_s yard ſquare, or ſquaze of 3 feet, which is g 
ee | 5 | 


Or E:ntnG: : 
If 3 ceiling be 59 feet, 9 inches long, and 24 feet, 
57 ine 1. broaf, how many yards are cantained in that 


ExAMPLE. 
F. | | | 
„„ 59.75 
a0 | 1 . 
1 239873 
118 23900 
18: 00: 0 | E 2+ > \. 2 
nn 977653.875 
94453: 10: 6 4. 162 yards, 5 feet. 


Or RENDERING. 
If the partitions between rooms be-141 feet 6 inches 


about, and 11 feet 3 inches high, how many yards do 
theſe partitions contain? | 


EXAMPLE. 


F. | © | | 
. | | 141.5 
BL — 
„ 27575 
. Ys 2830 
9)15gt : 10:6 | | | 1415 
Anſw. 176: 7 : 0 7p 
178.57 


8 which ſhould be par- 


ticularly obſerved, 


Firſt, If there are any doors, windows, or the 
* muſt be made for 


2 | Secondly, 
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Secondly, When rendering upon brick-walls is mea- 
fured, no dequctions are to be made; but when ren- 
dering is meaſured between quarters,. one fifth part 
may 2 well be deducted for the quarters, braces, and 
interſtices. 

Thirdly, Whiting and colouring are both meaſured 
by the yard, as ceiling and rendering were; and like- 
wiſe in whiting and colouring, one fourth, or at leaſt, 


one fifth part is to be added, as one fifth part is deduct- 


ed, in rendering between quarters. 


CHAP. VIII. 


Or PrLumBEtRrs Work. 


Diſcip. | HAT method can a =——— | 


Plumber's Work ? 


Bye. No direct method can be taken ; becauſe it is 


| impotkble, by the arts now in uſe, to ent laad of an 
ual thickneſs throughout. And accordingly, all 
Plumber's Work is undertaken by the pound or hundred. 


weight. 


ny experiments have been tried to reduce this to 


ſome certainty, by meaſuring two parcels of the ſame 
dimenſions, and caſt at the time; but they have 
all proved abortive; one of the parcels, though exactly 
of the ſame dimenſions, has always been found to be 
much heavier than the other. Beſides, ſome work re- 
quires a much greater quantity of ſolder than others, 


and conſequently muſt be dearer, the ſolder being of 


Er 3 

iſcip. I am greatly obliged to you for this informa- 
tion 705 I mi he — have attempted, from mea- 
ſuring the ſurface, and the thickneſs in ſome particu- 


lar part, to calculate the value of the lead covering any 


building; and by that means have ſelf to 
' £:dicule ih a 5 | — PHE 


- .Diſap. 
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SOoort W-- 
Of the MEnSUR ATION of SOLIDS: 


we Ih I to underitand by the word 
Solid? 

Philo. By a ſolid is meant a figure contained under 
three dimenſions, length, breadth, and depth or thick- 
neſs ; that is, the thickneſs of the body is here confi. 
dered, which, in meaſuring ſuperficies is diſregarded, 

To make this the more eaſy to be comprehended, let us 
ſuppoſe that a board is four inches thick ; it is evident, 
that this board may be cut into four, the ſurface of each 
of which will meafure the ſame as before the board was 
cut. But it would be very unreafonable to ſuppoſe that 
a board of four inches thick ſhould be ſold at the ſame 


price per foot, as another which is only one. It is 


therefore often neceſſary to conſider the depth or thick- 


- neſs of bodies required to be meaſured; and this is 


what we mean by the menſuration of ſolids ; or finding 

the content of bodies that have three dimenſions. 
Solids are of various kinds ; and therefore require va- 
rious methods to find their contents. 


1. If the ends and fides are equal ſquares, the ſolid is 


called a cube. | | 
2. If the baſes or ends are both equal, and both at 
right angles; the ſolid is called a parallelopiped. 


3. It is called a cylinder when the ends are equal 


circles. 
: i - If the ſolid be formed on a triangular, ſquare, or 


ygonal bafe, having its ſides plain triangles, whole 


verticesall meet in the ſame point, it is called a pyramid ; 

and is denominated from the number of fides of which 
its baſis conſiſts; as triangular, ſquare, &c. | 

F. If the baſes, or ends, are equal, parallel, and fimi- 


lar right lined plain figures, and the fides parallelo- 


ms, it is called a priſm. 


6. If the baſe be a circle, and the top or apex ' 
TY 


point, it is called a cone. 


o r MEASURING... 129 


7. If the ſolid be terminated by a convex ſurface, 
whereof N is 22 diſtant from a certain 
point within the ſolid, it is called a ſphere.  _ 

8, If the ſolid reſemble a ſphere, but one of its dia- 
meters be longer than the other; that is, if the ſu- 
erficies be in the form of an oval, it is called a Spheroid. 

Theſe are the principal figures, whoſe ſolid content 
is required to be found, and therefore I ſhall firſt, my 
dear Diſcipulus, explain the methods generally uſed 
for that purpoſe, before I proceed to 7 own the rules 
neceſſary to be obſerved in meaſuring fruſtums, &c, 


Of a CuBE. 


A Cube is a regular or ſolid body, conſiſting of fix 
ſquare or equal faces or ſides, and its angles all right 
and therefore equal. | : 
It is ſuppoſed to be generated by the motion of a 
ſquare plane along a line equal to one of its fides, and 
at right angles thereto; whence it follows, that the 
planes of ſections parallel to the baſe, are ſquares 
equal thereto, and conſequently equal to one another. 
A cube being a ſquare folid, comprehended under 
ſix geometrical ſquares, in the form of a dye, the 
— content of this figure is eaſily found by the fol- 
owing „ 1 1 8 


T7 RULE. is 
Multiply the fide of the cube into itſelf, and that 
product- again by the fide; the laſt product will be the 
ſolidity, OT ſolid content of the cube, | 
PERS 7 7 
Suppoſe the fide of a cube be ſeventeen inches and 
4 half, what is the ſolid content? 


 Oprxnar10N. 
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half, multiply 17.5 by IM — 
| —_— 2 and the rode 5 0 . I 


— I by 17.5, the 


inches in a foot, and the 


| OyrenxaATION. 


153125 
214375 
3062 


5359. 37 5 the ſolid content. 


ſe ABCDFE a | 
er piece of ſtone, E . — 


each fide thereof being 
ſeventeen inches and 2 


whi 


being 


laſt product will be 5359 
ſolid inches, and _ 
S__ 

To reduce the ſolid 
inches to feet, divide 
by 1728, becauſe there 
are ſo many - cubical 


— 


ſolid feet in the cube will „ 


2 1 cubic inches remain 
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| DOT NATION. 

If the ſquare 
FE DG becon- | 
ceived " _ my _ 
down the plane 
AFGB always WT # 
remaining pa- NCTE * 12 
gl ee , | R_ 
there will de fy e | 
generated by W | lp Winn . 
that motion a A. Wy 00 


* * 
ſix planes; t | — . 
two oppoſite 1 3 C 
which will be equal and parallel to each other, whence 


itis called a — ar ſquare priſm. 

If the plane ABG be a ſquare equal to the gene- 
rating plane FEDG, then will the generated ſolid be 
a cube. el 

- From hence fuch ſolids may be conceived to be con- 
ſtituted of an infinite ſeries of equal ſquares, each equal 
to the ſquare FEDG, and AF or BG will be the num- 

ber of terms. ET 3 

If the area, therefore, of FED G be multiplied into 
the number of terms AF, the product is the ſum of all | 
the (cries, and conſequently the ſalidity of the paralle- | 
lopipedon, or cube. 3 3 

Or if thebaſe FE DG, being divided into little uare 
areas, be multiplied into the height AF divided into a || 
equal number, you may canceive as many — — | 
to be generated in the whole ſolid, 25 is the r of 
the little areas of the baſe, multiplied by the number of | 
diyiſons on the fide AF, . == : 

Thus if the fide of the baſe FE be 10, that multiplied 
NI. is 9 which is the area of the ſquare baſe 
FY 2 


then if AF be like wiſe 10, multiply 100 by 10 

the product will be 1000, and ſo many little cubes | 
moy this ſolid be cut into. 3 : 

rom this demonſtration it plainly appears, that if 

you multiply the area of the baſe of any parallelopiped 

5 | into 


3 


fix parallelograms, the oppolite ides of which are equi 


is a parallelogram; and you will ſoon be ſhewn that 2 


58.1 that is, 45 ſolid feet 


and 27 of a foot, and + of 75. 
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into its height, that product will be the ſolid content 


ol ſuch a ſolid. 


Of a PARALLELOPIPED. 
A parallelopiped. is a ſolid figure, contained under 


and parallel; or it may be termed a priſm, whoſe baſe 


N is always triple to a pyramid of the ſame baſe and 
ight. | * 


Let ABDCGFE be a parallelopipedon or a ſquare 
priſm, repreſenting a ſquare piece of timber or ſtone, 
each fide of its ſquare baſe AEGF, being 21 inches, 


and its length AB, 180 inches or 15 feet. 


Firſt then multiply 21 by 21, the product is 141, the 
area of the baſe in inches; which multiplied by 180, 


the length, the product is 79380, the ſolid content in 


inches. KY ES | | 
Divide the laſt product by . and the quotient is 
A tenths of a foot. 

thus, multiply 441 by 15 feet, and the product 

is 6615; divide this by 144 and the quotient is 45:9, 
the ſame as before. | 

Or thus, by N feet and inches, multiph 

1 foot 9 inches, by 1 foot 9 jnches, and the product is 

feet o inches, 9 parts; this multiplied again by 15 

t, gives 45 feet, 11 inches, 3 parts; that is 45 feet 


- | : 8 x See 


nt 


* 


or MEASURIN OW. 


See the Work. 

21 44 19 1728)79380(45:9 

21 3 6912 | 

= 2205 19 _ 

43 — - RR 

441 144)66ig(459.9 Fog 15200 
180 3 e 
35280 1350 4 11 3 648 
Mn — 54 
79380 8 


If the baſe of the ſolid be not an exact ſquare, or not 
in the form of a rectangled parallelogram, the method of 
meaſuring is much the ſame; for firſt you muſt find the 
area of the baſe by multiplying the Non the depth, 
and then multiply that area by the length of the piece 
a re? ber be 25 inches broad, ꝙ inches d 

a ptece of timber be 25 inch »9 1 cep 
and 25 _ long, how many ſolid feet are contained 


25 1 
| a 144)5625(39 2 EY 
— 3 3 
225 1305 1 6 9 
„55 2 5 EY 
1125 | . og 25 © —_ 
9 Anſw. 39 feet, 12 2 6 o — 
5625 e | 1 @ 6 
LT 0:62 
39 3 - 9 


. Of CyIIV DIR. 
— 4 What ſpecies of ſolid is a cylinder? 
Phils. A cylinder is a round ſolid, having its baſes 
circular, equal, and parallel, in form of a rolling ſtone, 
and the ſolid content is found by the A Wo” 
| e | EIS ULEB. 


. E, 
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Ru L xk. 


Multiply the area of the baſe by the length, and ' 
product 35 the ſolid content. mM 8 11 


Ex AMPIE. 
Let ABC be a cylinder, whoſe 
diameter AB is 21.5 inches, and 
the ſength CD r6 feet, what is 
the folid content? 

Firſt, ſquare the "diameter 
21.5, and it makes 462.25, 
which multiplied by. 7854. (See 
— 28 the product will be 
05115. | | 
q | | * i this by 16, 
1 and the product will be 5808.8 164. 
lf Divide” this laſt product by +44, 


> 8 »4 


i and the quotient will be 40.34 

1 feet, the folid content. 

| . 
To find the ſuperficial Content. 


Firſt, find the circumference of the baſe 63.54; which 

being multiplied by 16, the product is 1080.64; which 
divided by 12, the quotient will be go:og feet, the 

curved ſurface; to which add 5.04 feet, the ſum of the 
| baſes, and the ſum will beg 5.09 feet, the whole ſuper- 
ji —Hticial content. See the work. I 


67-54 OS 363.05 
40524 99-95 } add 144)726.10(5-04 
_ YH  * aa 220 
1 22 2.2. bes 
— — 1 


2 


. + SE | De. 
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DEMONSTRATION. 
The ſolid content of every cylinder as found by 
3 the area —— pm ko. Tay 
bove; 3 for ey _ is only a Pri 
1 A an inhnite Eres: of ui zircles ; 
that 22 its baſe or rend being one ai the em; d its 
8 in the figure, is the number u all the 


— the arcaof its baſe AB being multiplied 
CD. will * N 


Of A Pooawrs: 


4 22 2 
ramid is a ſoli ing an enge 
Fat or a oh baſe ; its ſides are plage g 
— ſevera ps tops meet together * off 
are pyramids properties of a pyramid are 
1. A triangular „ 
wow ſtanding on the ſame baſe, and af the ſame al- 
titude. 
2. Hence as every multangular may be divided into 


— ing on the dame baſe, and of the ff al- 


a triangular body, — pyramid is the third ofa - 
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3. If a pyramid be cut by a 

plane a bc, parallel to its baſe ABC 

the former plane or baſe will be fi- 
4. All pyramids, priſms, cylin- ; 


and the altitudes being equal, they 
are in 8 — — = | 
6 Prom ids, priſms, cylinders, 
cones, and other — bodies, 
are in a triplicate ratio of their ho- 
molo us ſides. 
6. Equal pyramids, &c. reciprocate their baſes and 
_ altitudes, that is, the altitude of the one is to that o 
the other, as the baſe of the one to that of the other, 
A ſphere is equal to a pyramid, whoſe bafe is equal in 
the ſurface, and its height to the radius of the * 
7. The ſolidity of a pyramid is one third of the per- 
pendicular altitude, multiplied by the baſe. 


To meaſure the ſurface and ſolidity of a Pyramid. ” 
| Find the ſolidity of a priſm that has the fame baſe Wh di 
with the given pyramid, and divide this by three; the 21 
quotient will be the ſolidity of the —— | 


| EXAMPLE. ” c] 

Suppoſe the ſolidity of the priſm be found 6791031, 
the ſolidity of the pyramid will be thus found 2263677. 

The external ſurface of a right pyramid ſtanding on 
a regular polygonian baſe, is equal to the altitude of one 
of the triangles which compoſe it, multiplied by the 
whole circumference of the baſe of the pyramid, 


Ti 


7 * S A 8, =. r Ow 
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To deſcribe a Pyramid on a Plane, 
Firſt, draw the triangle' ABC 
for the baſe, if the pyramid required , _ _ 
be triangular, ſo as that the fide AB 
ſuppoſed to be turned 8 be 
not expreſſed. Secondly, on AC 
and CB, conſtruct the triangles 
ADC, and CDB, meeting in any 
aſſumed or determined point, for 
_ le D; and draw AD, CD, 
D, then will ABCD be . 


3 pyramid. 


To conflruft a Pyramid of Paſie-Board, &c. 
Suppoſe it were required to conſtruct 2 N py- 
rami 


1. With the ra- 
dius AB — 
an arch BE, 
the figure, and — | 
to IT equal 
_-_ C, CD and 


5 On DC con- 
ſtruct an equilateral 
triangle DFC, and 
draw the right lines 
AD and AC, this 
piece of paſte· board, 
&c. being cut out 


from the centre of the figure, w what remains within will 
turn up into a pyramid, - 


Ta 
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To find ſolid Content of a Pyramid. | 


RULE. | 
Multiply the area of the baſe by a third part of the al- 


titude, an he product will be che ſolid content of the 
pyramid, 


Fs Ex AN I E. 


Let ABCDE be a ſquare py- 
ramid, eagh fide of the baſe — 
ing 18 inches, and * 


pendicy eight CD 
— . K 18. Ty = the 
prod us is 342.25 the area 


of rp baſe A _— * 
—— tiply a third part o 

> =. the product of 
— f, this 8 
divided by 144, the quouent wil 
be tx.88 feet, 


> DJ by 


1 


eo w 0, 
2 8 


To find the feral Content: 
. 


ie f the tri 


les, by 


by 1442 Eo 


ept the baſe; then to that add 2. 
icial cn See the wor 


"ates ada act LEY 


ExAMPLE- 


or MEASURING. 139 


Multiply the ning hei height, or perpendicular of one 


phery of the baſe 37, 
and the praſluct will He 2 5 being Aided | 
otient is 46. 2. feet, the ſhperficial con- 


feet the * it makes *. feet, te whole a. 


1 
n 
N 
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EXAMPLE. 


Let ABC DEGHI, be 
a pyramid,” whoſe baſe is a 
heptagon, each fide thereof 
being 15 inches, the perpen- 
dicular of the heptagon 35. 58 
inches, and the perpendicu- 
Iar height of the pyramid HI 
13.5 feet; to find the ſolid and 
ſuperficial content. 
RuLE. . 

Multiply 15.58, the perpen- 
dicular, by 52.5, half the ſum 
of the ſides of the heptagon, 
and the product will be817.95, 
whick multiplyed by 4. 5, that 
is, x of the Height, and the 
product will be 3680.775. 

Then divide this laſt pro- 
duct by 144, and the quo- 
tient will ic 25.56 feet, the 
content, | | 


ndicuſar 


— 


e 
7790 O | 
311 | 


- 7790 
817.990 - 
44 a third ar ofthe hight 
1 


ne seen ſolid feet: - 


_ 720 
20 
877 
864 
— 


To fr the futer feial 8 

Multiply the 

the ſides of the baſe 16275 inches, by the half-ſum 4 
the ſides 52.5 inches, and the product will be $544.37 


which Jivided by 144, the quotient will be 590335 
the content of upper part. i 


— 


K | 162,78 


or MEASURING. 14 


win fam the middle 2 of | 


a — — 43. . . — — —— — 
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162.75  144)817.95(5.68 
RE 
81375 979 

32550 _ 364 

. 1154 
144)8544-375(59- Feet _ 
ne 

1344 2 7s the whole cantent. 

1296 

483 | 

Fe. 

\ $87 

432. : 

38355 

222 


Of a PRISMA. 


Diſcip. What am I to underſtand by a Priſm ? 
8 le. A Prifm is a fold contained under ſeveral 
PRs 0 neon ving its baſcs alike, equal, and parallel. 
he ſolid contentuf a priſm, whether triangular or mul- 
tangular, is found by multiplying the area of the baſ- 
into the length or height, and the * will de the 

tolid content. 


[ 


or MEASU 


Let ABCDEF 


be 2 trian- 


3ular prifi, each ſide of the bale 


ing 1.6 inches, the perpen- 


dicular of it CD 13.51 inches, 


and the length :of the-ſolid 


ed by 144, the quotient will be 
14-27 feet nearly, the ſolid con- 
tent required. T 


13.81 

| os 

| —— 
—_ 

WR 7, 

105.378 

nd 

526890 
94842 
E 
e 


RING. 


144) 


144 


D, 


| 


2054.97(14.27 
144 
614 


8 576 
388 


7 N 
288 


— 

1007 

= xn 
— 


ExauMr IZ. 


Let ABCDEFGHIK repre- 
Tent a priſm, whoſe baſe is a 


* _ hexagan, each fide of which is 


16 inches, the perpendicular 
from the. center of the baſe to 


the middle of one of the ſides, 


ab, 13.84 inches, and the length 
of the prifm 15 feet; the ſolid 
content is required. 


Multiply half the ſum of the 


ſides 48 by 13.84, and the pro- 
duct ill be 64-32, the area of 
the hexagonal baſe; which mul- 
_ -tiply' by 15. feet, the length, and 
the product will be 9964.89, 
which divide by 144, and the 


uotient will be 69.2 feet, e 


Tolid content required, 


9964.30 


EXAMPLE. 
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G 


N 


ö | | | N 1 
[1 | 
11 
1 
| 
5 — a» 
ALES — 


| 
| 


i 


To find the ſuperficial content of any of theſe ſolids, 


muſt take the girt of the piece, and multiply by the 
ength, and te that product add the two areas of the 


baſes, and the ſum will be the whole ſuperficial con- 


tent. 


For 


or ME ASURING. 143 
For example, in the hexagonal priſm; the ſiim of 
the ſides being 96, and the length 15 feet, that is 186 
inches, multiply thꝛeſe into each other, and the product 
will de 17280 ſquare inches, to which add twice 664. 7 
the arc of the two baſes ; and the ſum-is4$608.64, the 
20a offthiywhole;. which is-equal to-129;22 feet. 


% 0 78861) 29.223 
* 1 þ a ti + Hig | | 


The ſuperficial content of the whole ſolid is 129. 22 feet. 
Of a Cons. 
Dich How do yow-dafine a Cone ? 
Pil A Cone is a ſolid, der circular baſe, ana 
growing ſmaller and ſmaller, till it ends in a point, 
which is called the vertex, and may be nearly repre- 


ſented by a ſugar-loaf. Its ſolidity will be found by the 
following | 


= Rute. * 
Multiply the area of the baſe by a third part of the 


perpendicular height, and the product is the ſolid con- 
tent, - TOSS OT Z 


** Les 
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Leet ABC be a cone, the diame- 


terof whoſe baſe AB is 26.5 inches; 
. of the cone DC i 


16. 

| Fun the diameter 26.5, 
and it wi make 702.25, 
* He. 7854, pro- 


1. 15 thi is be- 
in dar dune b . b the product 


5 | be 3033.509325, which bein 
divided by 144, the quotient wi 
be nearly 21.066, the ſolid con- 

tent of the cone. 


| 144010 dog, &c. (21.066 feet 
. 268 content 


35 


which | 


ART 
C 


26. 5 the diameter 


22 
1590 


. 


709.06 * 


280900 


1125 


56.1800 
2757s __ 


$51. 


Areaofthe baſe 


$471 
? Fartof the height 


_ C37 


275773575 | 
22221. 


| 3933-509 


To fad the ſuperficial 


325 


Cmtent, © 


Multiply half the circumference 41.626 by the ant 


height AC 198.46, and thegroduct will be 3261.0959; 


which 


or MEASURING. 147 
hich being divided by 144, the quotient is nearly 

a. 3 — ey” add the baſe; and 

the lum will be 61,2 feet, the ſuperficial content. 


41.626 144)8261.09596(57.37 Feet nearly. 
198.46 1061 83 Baſe. 
249756 530  ©1.20 Whole cont. 
166504 OC: Ws Ts 
333003 144)551-54(3-83 
374634 n 


41626 1414 
— . a 
DEMONSTRATION. 
Every cone is the third part of a 
cylinder of equal baſe and altitude. 
The truth of this may eaſily be con- 
ceived if we only conſider that a 
cone is but a round pyramid, and 
therefore it muſt needs have the 
ſame ratio to its circumſcribing 
cylinder, as the {quare pyrami 
hath to#its circumſcribin le- 
lopipedon, that is 1 to 3. However 
to make it clearer, let it be conſi- 
dered, that every right cone is con- 
ſtituted of an ii finite ſeries of cir- 
cles whole diameters continually 
increaſe in arithmetical progreſſion, 
beginning at the vertex or point C, 
the area of its baſe AB being the 2 988 
greateſt term, and its perpendicular height DC, the 
number of all terms, therefore the area of the circle of 
the baſe multiplied by a third part of the altituds DC, 
wilt be the ſum of all the ſeries, equal to the ſolidity 
of the cone. OE: | | 8 ] 
The curve ſuperficies of every right cone is equal to 
half the rectangle of the circumference of its bate into 
the length of its ſides. e ä 
2 3 „ 


. 
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Ih For the curve ſurface of 
| every right cone is equal B 
j to the ſector of a circle, 
| whoſe arch BC is equal to 
| the periphery of the baſe 
'of the cone, and the radius 
| AB equal to the flant fide 
of the cone. 
This will evidently ap- 
pear, if you cut a piece A 
of paper in the form of a NE 
ſe ctor of a circle as ABC, and bend both the ſides 
AB and AC together till they meet, and you will find 
it to form a right cone. | | | 


„ Of a SPHERE. | 
Diſeip. What ſpecies of folid do you call a ſphere; 
and how is it diſtinguiſhed from other ſolids? - ; 

Philo. A ſphere is a ſolid body contained under one 
ſingle ſurface, and having a point in the middle, called 
the center, whence all the lines drawn to the ſurface 
are equal, | „ ON - 

The ſphere is ſuppoſed to be generated by the re- 
volution of a ſemi-circle about its diameter, which is 
alſo called the axis of the ſphere, and the extreme points 
of the axis, the poles of the ſphere. And hence the follow- 
ing properties of the ſphere will be eafily conceived. 


Properties of the Spbere. 

1. A ſphere is equal to a cone, whole baſe is 
equal to the ſurface, and its height to the radius of 
the ſphere. Hence a ſphere being conſidered as ſuch a 
cone, its cube or ſolid content is found like that of a 
Cone. | | Pos. 
2. A ſphere is to a cylinder, ſtanding on an equal 

baſis, * of the ſame height 2s 2 to 3. Hence alſo 
may the cube or content ke found. | 


3. The 


2 


— 0 


thus alſo may the content of the 


z. The cube of the . of a en is to the 
ſolid content of the ſphere, ogy as 300 to 157 : and 
ſphere be meaſured. 


4. The ſur of a ſphere is quadruple to that 


* a ſpherad ' ribed with the radius of a ſphere. For 
ſince a equal to. 2 cone, whoſe baſe is the 
ſurfag ant; its altitude the radius of the ſphere ; the 


ſurfat Fe ſphere is had, by dividing its ſiolidit ; 
a third part of ph ſemi-diameter : K 7 10 
If — — the diameter of the circle be 100, the area 


will be 780; e 157 οοðοñ, Which 
livided by 22 diameter 100, the 
or 314007 | 


3 be the ſurface of the 2 
which 1s manifeſtly 2 the.circle, 
and dhe following | 
* 5 os | 

"I __ . | Ru E. - | | 

Find the periphery of the circle, deſcribed: bythe 
radius of the | This being found Raser uf it 
into the diameter; *** product is the furface 
ſphere. Multiply the ſurface by the ſixth part of — 
SI Un and the 3 de the al of tha 


EXAMPLE 1 | I 
— the donate af the ſphere, 5 
erf wi found 175 the product of 45 2 83 
multiplied by a fixth part of diameter, gives =} * 
ſolidity 92239. Or it: may be done in the following 
manner. | 
Find the. cube of -the diameter 175616: then fays .- 
25 300 is to 1 7» ſo is 275616 to a fourth proportional, . 
viz. 92239, the ſolidity of the ſphere, ons! 
: g Or thus; 
As 21 is to 11, ſo is the cube of the axis to the 
ſolid content. Or, as 1 is to .5236, ſv is the cube of 
the . 
5 


Exanris. 


4 
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AN | EXAMPLE. 
Let ABCDE 
beaglobe, whoſe 
axis AB=DE 
is 20 inches: 
the circumfe- 
rence will be 
found to be 62 
232: then by 
the firſt rule, 
939 
2 ference by 

axis, an 
RY 
be 1256.64, 
which is the 
fuperficial con- 
take a fixth part of that fam, which is 

a fixth part of that fum, 209.4 

that fixth by 20, the axis, and the 

8 _ , the folidity in inches. 
ri 


4, multi- 
uet will 


you — the ſuperficial content by the axis, 

and take a ſixth part of the product, the anſwer will be 
| * Or by 
| r b 


this rule: The cube of the axis is 8000, which 
ied by 11 , the product will be #8 ooo, and divided 
1 the quotient will be ue en the olidity nearly 
farhe as before. 6 
ane fs by 


Or If the cube of the axis be multiplied 
| the duct will be 4188.8, the Hora eng bed 
 _ the hifi method, nearly the ſame as above. * 
Civide 4188.8 dy 1728, 9 wilt be 2.424 


62.832 


| A 
OW. 2 8 | 
6] 256.640 T heſuperfic ial conte nt. | 
' 209-44 A ſixth part, 


20 3 | | | 
4188.80 Selidity in inches. 


af : 11: 8006 

3 11 9 

__  21]88000[4190.47 The content. 

g 3 | 
SH. 

"*% 00 

"Reo 

x: .5236 : : 8000 

1728,4188. 800002. 424 Feet, the ſolidity. 


It ſheyld be obſerved, that if the axis of a globe be 
1. the ſolidity will be .5236; and if the circumference 
de 1. the folidicy will be .016887. . 


. Of the SP-AEROTD. 1 ig: 

Diſcrp, What do you call a Spheroid, and wherein 
ne, 0 eld hing to the figure 
| 14. A Sphe 3s 2 ſolid approaching to | 
of a ſphere, not exactly round, but oblong, as having one 
of its diameters longer than the other, and g 
the revolution of a ſemi-ellipfis about its axis. 

When it is generated by the revolution of a ſemi- 
ellipſis about its greater or tranſverſe axis, tis then cal- 
led an oblong or prolate - age z and when generated 
by the revolution of an ellipſis about its leſſer or conju- 
gate axis, it is called an oblate ſpheroid. . 
The ſelid dimenſions of a fpheroid is 5 of its cir- 
cumſcribing cylinder; or it is equal to a cone, whoſe 
altitude is equal to the greater axis, and the diameter 
of the bafe, to four times the leſſer axis af the generat- 


4 


Ks — 


C 4 


= 1 > ̃ ꝰ — — — — ¶ A— — — 


— —— 
— — — — —— * = = 
* 


— — ogy ad 
——_—_— ᷣ—  — — 


length, 
_ daft product will be the ſolidity of 


| ſpheroid ABC 
ches, DE 


— de 
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Or a ſpheroid is to a ſphere deſcribed on its greater 
axis, as the ſquare of the 1 axis 8 2 of 
he greater. r it is to a ſphere on the lefler axis 
= greater axis is to the leſs. Hence the ſolid — 
of the ſpheroid be found by the following Rur k. 
Multiply the ſquare of the leſſer diameter by the 
2.9. that product multiply again by .5235; this 
ſpheroid. 


ENAM PLZ. 


Let AB, che 
meter of the 


DE, be 33 in- 


the len or 
tranfverſe dia- 
meter be 55 

and 2 


OrEAAT TON. 
BY HD 1 
SS 'P — *$230 
mY ES avis 
3 | 179635 4 
1989 Square ofthe - 119790 
Os 55 conjugate diameter 299475 | 
„ _ 31301,0220 Solidity, 
> 1 n 
59593 


DzMONSTRATION. 


Every ſpheroid is equal to 2 of a cylinder, whoſ: 


| baie is equal to th: circle deſcribed by the conjug ue 


diameter 


* % 


4 


4 


or MEASURING 3 
diameter of the ſpheroid, and its height equal to the 
leagth of the ſpheroid. 


of Mnzaeuniua FavsTUMs.. 


*S | 

Diſeip. What ER ou mean by the word Fruſtum? 

Phils. By the fruſtum of any figure is meant a piece 
cut off, and ſeparated fromthe body. Thus the fruſtum 
of a pyramid, or cone, is a part or piece of it cut off 
uſually by a plane parallel to the bale. + 

I ſhall. firſt ſhew : the method of meaſuring the 
fruſtum of a pyrami 

The fruſtum of a ramid is the remaini part, 
- when the top is cut off by a plane parallel to 

To find the ſolid content of this body, there are fo 
veral rules; but the two — will be 8 
ſufficient * the pu 


| = | 6: 
| avis 1. 22 

To the finals or product, of the ſides of the two 
baſes, add the fum of their ſ * * that ſum being 


multiplied into one third of — height of the (rule, 
will give its ſolidity, if the baſe ah ans | 


Or thus, which is the fame in effect. ] — 


„ Multiply the areas of the two baſes ther, ant and ex: 
tract the ſquare root out of the produt that mul h 
plied by one third of the height, will * the ſolidity 
of any —— either ſquare or multangled. 


RU LIE II. * 


Add one third part of the ſquare of their difference to 
the rectangle of the ſides of — baſes; and that ſum 
being multiplied into the height, will, if the baſes be 
ſquare, produce the ſolidity: But if they be triangular, 
or multangular, the ſaid rectangle of the ſides, with 
the third 4 of the ſquare of their difference, will be 


the ſquare of a mean ſide; and the ſquare root thereof 
will 1 a mean ſide, as will reduce the tapering 
Jolid to a — W to it. 


. — As 


* 


- — 2 „ —_ - — 18 = 

p — — 

4 _ — ” — Ine ——ů— — « ol 22 — — » 
= 2 2 2 Sg Gn — 3 758 b. 


* and the height FG 18 


13 multi 3 by 18 feet, t 3 3 will 
. 23. 5 6 fret, the content required. 
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As for Example. 


Let 2 be the fruſ- 
tum of a fquare 12 Ar 
ſide of the greater 1 
and the ſide of the leſſer baſe 12 


what is the ſolidity of it? 

Firſt —— the two ſides 

„ 38 by 12, and the pro- 

duct will de 216; * the dif- 

ference of the fides is 6, the ſquare ru 
of which is 36; a third part of Ce: 

which is 12; which being add- 

ed to 216, the ſum is 228 inches, 

the area of a mean baſe; which 


his 1. divided by 144, the gs will 


Or by the fed Rule thus : 


The of 18 is 324, And the 
and the retangle of 18 | 


er MEASURING. 35 


The Operation both Ways. 
18 6 Diff. - 0 12 ; 
= - 6 5 | 2 
216 3) 36 * Cane Co ns 
— 3.30 A. Te” 144 Square 
'228 the fum. 216 
18 the height - d the um 
nol _-— 5 F z6ofthe height 
228 _  144)4104(28.5 feet. 
el . 8 : 
J 293 _ 1224. 
2 8 
1 **.720 
7772 2 
E e 3 
: 2 - . | 
00% 
„ 
1 1 2 6 
1 
Product 1: 6 
Add 321 
ly 1: 
'by 18: Sl 


I 

@| = \© a 
E „ „ „* 
% o 


The perimeter of the 
meter of the leſſer baſe is 
r, the ſum will be 1 

m_— dei 1 — 
2080 5 this 
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feet, to which add the two baſes 2.25 feet, and one 
foot, the ſum will be 93.25 feet, the whole ſuperficial 
content. See the following X "40 * 


= 2 ,—_ 


OryrzRaATION. TY 

13 12 18 Height | 
| 3 ETD ; 
— 272 48 . 
{! 2)120 2.25 ter baſe 
Lil 50 I the — 
| ; 93- 25 Sum. 
[i Again, let ABCDE be the fruſ- Ara 


tum of a triangular pyramid, each 
{ide of the —_—_ e zo inches, 
and each ſide of the leſſer baſe 10 
inches, and the length 20 feet: 
what is the ſolid content? : 
By the ſecond rule multiply 30 
by 10, and the product will be 300; 
and the difference between zo and 
10 is 20; which being ſquared, 
| 400, a third part of which 
8 133.333; which being added to 
oo, the ſum is 433-333 3 2 this 
ing multiplied by. 433, the pro- 
duct will be 186.533 189, &c. the 
area ofa mean baſe; and that mul- 
tiplied by 20 feet, the length, tbe 
product will be 3 32. 66378. This c 0 
— by rac the quotient will be 25.92127 feet, the 
7 ty. 


To find. the ſuperficial Content. 


meter of the leſſer baſe is 30; the ſum of both is 120, 
I: and the half is 60, which bei . by 20 ſeet, 
the product will be- 1200; which being divided by 
12, the quotient will be 100 to:which add the ſum 


2 


| The perimeter of the greater baſe is ga, and the peri- 


(—_ 6 ws ow Sams wo  @woa. oc 
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the two baſes 3.33 feet, and the ſum will be 103.33 
feet, the whole ſuperficial content, 


Of the FRUSTUM of @ Cong. 


A fruſtum of a cone is the remainder of that ſolids 
when the top end is cut off by a plane parallel to the baſe. 
The ſolid content of it therefore is found in the ſame 
way as the fruſtum of a pyramid, regard being had to 
the nature of the lower and upper baſe, which are 
circles, | | | 33 
| Rutes I. po 
To the rectangle of the diameters of the two baſes, 
add the ſquares of the ſaid diameters, and N the 
ſum by 7854, the product will be the triple of a 
mean area; which multiplied by one third of the per- 
pendicular height, that product will be the ſolid content. 
Or if you multiply the areas of the greater and leſſer 
baſes together, and out of the product extract the ſquare 
root, and add the ſquare root and two areas together, and 
multiply the ſum by one third of the perpendicular 
height, the product will be the ſolid content. 


7 - 
To the rectangle of the greater and leſſer diameters, 
add 4 part of the ſquare of their difference, and mul- 
— — 
which multiplied by height, the pro- 
duct will be the ſolidity. e = mw 


EXAMPLE. 
Wo . 8 


— 


10 is 10, 


which being divided by 144, 


baſe, which 8 zo Ct 
fleet, the height, the pfoduct 


is 25.4663 feet, the folid content. 


* 


135 Tas WHOLE ART 


| | EXAMPLE. 3 
Let ABC P be the fruſ- 


tum of a cone, whoſe greater 
diameter CD is 20 inches 
and the leſſer diameter AB 
10 inches, and the hei 20 
feet, what is the ſolid con- 
tent? a 
OPERATION. 
Multiply 20 by 10, and the 
282 will be 200; and the 
ifference between 20 and 


D 
a third part of which is 33. 33. 
which added to 200, the — 
will be 233.33. This being 
multiplied by .7854, the pro- 
duct will be 183 257382, 


the quotient will be 1.273315 
feet, the area of the — 


| To find the ſuperficial Content. 
Tou will find the circumference of the greater baſe 
to be 62.832, and that of the leſſer baſe 31.416, the ſum 


of both is 94.248, the half ſum is 47. 124; this multi- 


plied by 20 feet, the product is 28; this divid- 
ed by 12, the quotient is 78.54 feet, the curve-ſurface; 


to which add the ſum of the areas of two baſes 2.726 


feet, the ſum is 81.266 feet, the whole ſuperficial 
content, op 88 
42 PrxismonD. 
Diſeip. What do you mean by a Priſmoid ? 


* 


— 


. 


* 
7: oa ale ak eas. ac al AC at 


<S 
- 


| be the foli 


er baſe AB 


What is the folid con- Y 0 

2 SINR 7 peas 
0 en 

AB 40, add half 2 A - 


| begs; which iply by 15; breadth, and 
the produc will be f product add 1 150, the 
reſerved 5 * Sal be be 19756 0 


he quotient will 45:67 fr feet, the fl comentrequ Fe 
i 9 


9 


or MEASURING ww 

Phils. By a priſmoid is meant the fruſtum of a rect- 

angled beer when both baſes are parallel to one 
r 


anothe ut 1 
content of this ſolid may be found by the fol- - 
2 e cen Wo INE 1 OT 


RuLE. 


Add to the greateſt length, half the leſſer 2 
multiply that ſum by the breadth of the 
and =. 4 the / Feral 
Then to the leſſer length, add half the Gem 
and multiply the ſum by the breadth of * baſe; 
add this product to the reſerved product, and multipl 
that ſum 80 a third part of the height, the product will 


content, 


Exaneus 


be a oriſmoid given, 'E — 
the length of the great. 
o inches, + 
th AC 20 FS N 

h of 5 


I the | 

menes; e 
the leſſer baſe G 
1ts 3 
and the hoight 5 


leſſer length GH 17. eee which be- 

ing muſk ee nos 
| be 1150, which reſerve. 

Then, & GH + * half AB 20, and the ſam will 


being multi 1 2 of the heigh 
—— wi by —— — 4A Sr 


— 4 RR — 


to make it capable of being meaſured by the fore- 


repreſent the 


tom; ſowillthere bY 
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3 1 bo — ve Long | 
5 To prove this Rur x. | ſu 

Let the fdlid be ſuppoſed to be cut into pieces, fo as 


ing Rule 
we 7 ABCD 11 


H the leffer 
baſe; and let the 
ſolid be ſuppoſed 
to-be cut off pi 3 
the lines ac, 3 | 
ef, gh; from che 
top to the bot- / 


eater and EF 1288 
E 


be a parallelopi- 1 
pedon, having its baſes equal to the leſſer baſe EF GH, 
and its height 10 feet, equal to the height of the ſolid: 
multiply therefore 35 the length of the baſe by 15, the 
breadth of it, and the product will be 525 ; multiply this 


by 10 feet the height, and the produ will be 5250. 


Beſides this, there are two wedge-like pieces, whoſe 
baſes are ab EF GH cd; if theſe tres pieces are laid 


t r, the thiek end of one to the thin end of the 


other, they will compoſe a rectangled parallelopipedon; 
there are alſo two other wedge-like pieces whoſe baſes 
eg, Ee, F, Hb; theſe two laid together as before, will 
likewiſe compole a rectangled parallelopipeden. The 
content of theſe two parallelopipedans muſt be found in 
the ſame manner as that of other parallelopipedons ; and 
their content, added to the above product, will how the 
ſolid content of the whole. e TOS 


r e Tet the ſuperficial Content. 
Half the perimeter of the greater baſe is 60, and half 


the perimeter of the leſſer baſe is 50; which being 
added together, the ſum is 110; which being multi- 
produel 10 the height, the product will be 1000: this 


divide by 12, and the quotient will be 2 
| | 3 eet; 


or MEASURING. 161 
feet ; to which add the ſuperficial area of the two baſes 
9.3 feet, and the ſum will be 92. 63 We- the whole 


1 content. 
here are ſeveral other 8 bel -to f- 
ferent ſolids; but as they are of very lit ttle 1 - Ji uct 
in gauging, 1 ſhall not at preſent enumerate them; 
but reſerve them till I come to apply theſe rules to the 
finding the ſolid contents of various &c. when I 
rr t and moit 
conſpicuaus manner. 
Diſcip. I do not doubt 3 your care 5 attention to 
my ihtereſt: I have ods ſo greatly profited by your 
inſtructions, that my obligations to you are too great, 
for me ever to be able to repay them: and you are ſtill 
— every method in your power to increaſe their 


wei 

Bo Perhaps the pleaſure I receive from ſeeing you 
improve fo greatly in your learning, is at leaſt equal 
to yours, and it will be the gre ſatis faction to ſeg 
you, when I have finiſhed my inſtruQtions, readily mea- 
ſure any body whether ſuper or * with * 
and diſpatch. 


N Of the W 801 154. 
Diſcip. What do you mean lar ſolids? _ 
Philo, By regular Colids is * all thoſe bodies 
8 are bin. or under — and fimilar planes, 
alike ſituated, and equally t from the center, 
pls How many nd |» ſolids are there? 
There are only five: the Tetrasdron; the 
Hexaedron ; cha Octaedron; the N and 
the mms ſatdron. 
Diſcip. What is a T etraẽdron? 
Pbili. A Tetratdron is contained under four 
and equilateral plane triangles ; four lid 
angles, each conſiſting of three z and having 
ſix linear 5 and twelve Plane an 


But 
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But you will more eafily 
1 
ron wing a re, 
like thas is he ad = | 
paſte-board, or an pfi- 
able ſubftance ; LES 
cut the lines * 

_ the parts up, and e 


— they ; hey wilt _ 
a complete tetraed 


as this is Fatty how, 1 would recommend it 
ies. You 


d 
an el. that is e . eh 


care to do every 
ially n the 


| —_ has any — to beftirate my compre- 
hend ur inſtructions in a more complete manner. 


o 
| 2 1 do not doubt your care; nor ſhould T have 
3 * this ed had it not tended to iHuſtrate 


the fub in ekt and moft conſpicuous man- 


ner. I mt — — — of the 
reſt of the regular bodies. 


A Hexaedron is a ſolid | _— 
| body contained under fix | 
_ ſquares, forming eight + 


id angles, each conſiſting ——j— 1 


of three ſquares; and having! F i 
twelve linear edges and wen- 
1 plane angles 
i ilar re to that in 
margin being drawn on 

-board, cut Ralf thro” 
in the lines, folded up, and 
glued * will give you 
an 1 of ; an hex- 

2 


on. 


re rom PLPRQ 


or MEASURING. 


An Odcatdron is a ſolid 

contained under ei | 
and equilateral plane tri- 
angles; forming fix folid 
angles, each four trian les; | 
having twelve linear 
— twenty-four 


be margi 
he figure in the n 
drawn an paſte- 
lines cut. half thro folded 
up, and glued together, will 
— the hgure of an octaẽ- 


A Dodecaedton is a folid. 
figure contained under twelve 
equal, equilateral, and equi- 
angular —_ formin 
twen ſolid angſes eac 
conſiſting of three pentagons, 
and having — eg 
ay — plane a 

you draw a = on 


M4 Crates to that 


in the m cut the lines 


half through, fold the pen- 
| _ up, "and glue the 

3 you wilt 
— * true figure of a Do- 
de caedron. 
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An Icofatdron is a ſolid contain- ; 
ed under twenty equal and equila- 
teral triangles; forming twelve ſo- 
lid angles; and having thirty linear 
edges, and — plane angles. 

have added a figure in the mar- 
in, that you may, by drawing a 


N 


VV 


them up, and gluing them ther 
Nee 
Oll rm an adequate | 
& the Icofacdron. . . 
Having thus deſcribed the regu- 
lar folids, and laid down methods for 
forming a ſufficient idea of them, it remains to ſhew 
you how their ſuperficial and ſolid contents may be 


1. Of finding the ſuperficial end ſolid Content of the 


As the Tetrasdron is contained under four equal and | 
equilateral triangles, the ſolid content will be readily 


found by the follow | 


V 


DG nes n 

e 
multipli a third part per icul; ight, 
will give the ſolid content required : And the area of 
one of the triangles, multiplied by the number of tri- 
angles of which the figure conſiſts, will be the ſuper- 
ficial content. 


AVAVAYVAYAY, 
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Let ABCDE re- - : 
preſent a Tetraedron W- : 
- compoſed of four tri- 
angles, each equal to 
ABG et ABZAC 
=CB, be 60 inches, 
and CD the perpen- 
dicular height of the 
figure be 51.96 inches 
and let the ſolid con- 
tentofthe 1 . 
be required. — —— — 
1 already pag. TT, 3 HD 
17. ſhewn the method of finding the area of triangle. 
when their baſes and perpendiculars are given ; but as 
the triangles which form a Tetraedron, are equilateral, 
or have their three ſides equal to one another, it will 
be neceſſary to ſhew you, my dear Diſcipulus, how to 
find the perpendicular of an equilateral tri-ngle, and this 
is eaſily done in the following manner. Square one of 
the fides of the triangle, as AB; and alio the half of it, 
as AE. Subtract the leſſer from the greater and extract 
the ſquare root out of the remainder; and that root 
will be the perpendicular required. | 


Thus 60 * 60 — 3600 
And 30 * 39 —— goo 


27600 51.96 The perp. 
3 
191).200 
| 101 


| 1029).9900 
— qga6s 
10386) * 63900 
. 62316 
„ 


L The 


E — 
< > 
> 
+ 
<> 
* 


9 © 


— — => "pa 3 121 


von how their ſuperficial and ſolid contents may be 
readily found. OE my 


be te gen nd fd o of th 


As the Tetrazdron is contained under four equal and 
equilateral triangles, the ſolid content will be readily 
' * — R LZ. : Fo | | 3 


ger ee e ee Rage 
"a thi | * . 

will gjop: the fill content cuqaized.: And the.ce 
one of the triangles, multiplied by the number of tri- 
ang 77 E will be the ſuper- 


EE = — — — pred: %Y — ts was 


— 


— 


I | 


—O_ 


preſent a Tetraedron 
compoſed of four tri- 
angles, each equal to 
AB 


Cg, be 60 inches, 
and CD the perpen- 
dicular height of the 
figure be 51.96 inches 
and let the ſolid con- 
tentofthe Tetracdron 
be required, | 


17. ſhewn the method of findin 
when their baſes and — are given; but as 

the triangles which form a Tetraedron, are equilateral. 

or have their three fides equal to one another, it _ 
be neceſſary to ſhew you, my dear Diſcipulus, how to 

find the perpendicular of an equilateral tri..ngle, and this 

is eaſily done in the following manner. Square one of 

the fides of the triangle, as AB; and alfo the half of it, 

as AE. Subtract the leſſer from the greater and extract 

the ſquare root out of the remainder; and that root 
will be the perpendicular required. bo 


or MEASURING. , 16; 
Let ABCDE re- C ö 


C: let AB SAC 


I have already pag. 5 £200 . B 
the area of triangles, 


Thus 60 Xx bo — 3600 - 

And 30 Xx 30 —— goo | 

2 51.96 The perp. 
G . 


— 


10386) * 63900 : 
62316 | 3 


* | „ : 
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The perpendicular being thus found, the area of the 
figurewill be known by the rule given above. 


OryrERATION. 
„ 61.96. The perpendicular 
8 | O Half the baſe. 
1558. 80 Area of one triangle 
16,33 One third of the height. 
467640 e 
467640 
935280 
13132 
25455. 2040 The ſolid content. 


1558.8 The area of one triangle 
| 683 5-2 The ſuperficial content, 
2. Of finding the ſolid and ſuperficial content of the 


The Hexaedron is the ſame with what is otherwiſe 
called a cube, which I have already taught you how 

to Jes in page 12g, and therefore need not repeat 
it here. ; | 


3- Of finding the ſolid and ſuperficial content of the 
35% - Ctaedron. 

The Octaëdron being contained under op equal 
and equilateral triangles, or two quatrenge ar pyra- 
- mids joined together by their baſes, the folid content 
will be found by the following 


RU TE. 5 
Multiply the area of the baſe by a third part of the 


length of both pyramids, and the product will be the 
ſolid content required. _ 


ExAurrr 


GPG 


or MEASURING, 
, | | EXAMPLE. 


Suppoſe ABCDE 
be an Odctaedron 
whoſe fide A BG 
CD DA is 60 in- 
ches; what is the ſo- 
lid and ſuperficial 
content? 
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-* 


OrERATION. 

14.1421 One third of the height. 
550 Area of the ſquare bale. 
84852000 | 
42423 
5211. 5500 The ſolid content required, 

The ſuperficial content is eaſily found by che me- 
thod laid down in the firſt problem. | 


| OFALA TION. 
51.96 Perpendicular of one triangle. 
| , — Half the bale. 5 
1558.80 
S8 Numb. of triangles 
12470. 40 Superficial area. 


Or becauſe the Octaëdron is compoſed of eight equi · 
lateral triangles, and the Tetraẽdron of four; there- 
fore the ſuperficial area of the former is double to that 
of the latter, | 


Y 3  Orena- 


 .<& 


— eg r—g— -— n 


Tus WHOLE ART 
OPERATION. 1 


6235.2 The ſuperficial area of the Tetracdron 
2 | | 
12470.4 Area of the Octaẽd. the ſame as before. 


4. Of finding the ' ſolid and ſuperficial content of th 
F 


Philo. J have already, my dear Diſcipulus, informed 
vou, that a Dodecaedron is a ſolid body contained un- 
| der twelve pentangular planes. - 
| Diſcip. I well remember it; and have, purſuant to 

your inſtructions, drawn the figure on paſte-board, you 
delineated for me, folded up the pieces, and by that 
means, procured an exact Dodecaëdron in miniature. 
Philo. Y ou have acted extremely right; and you will 
"now have no difficulty in finding the ſuperficial and © 
ſolid content of this figure. 3 
In order to C* 
this, let ABC 2 
DEFGHIK L 
NMNOP repre- 
ſent a Dode- 
caëdron each 
ſide of whichis 
equal to 60 
inches; and let 
both the ſolid 
and ſuperficial 
content be re- 
quired. 
The former 
or ſolid content 
of this figure is N 5 
compoſed of twelve pentangled pyramids, whole vertices 
all meet in the center of the figure, and conſequently, 
_ the firſt demand in the queſtion may be eaſily anſwered 
by the following 


* 


„ 


or MEASURING mm 
A 5 


Find the ſolidity of one of thoſe pyramids ; multi- 
ply that reſult by 12, and the product will be the D. 
dity of the Dedecaëdron required. 

The altitude of one of the — will 5 
be found to be 66.8 1095; and the og icular of the 
— 41.291466. | W 
| 41.29146 Perpendicular peg 

3 360 Half the ſum of the ſides. 
24778760 
12387438 | 
14364.92560 Area of the penta on. 
11. 27032 A third Poe of 66.8 1095 
2972585120 
4459477080 
103254479200 
2972985120 
1:86492560 
146492560 


ON. 524. 4682881920 Content of one pyramid. 
12 Number of pyramids, 


201 2936. 1945 $3040 Soliditysf the Dodecaẽdron. 


The e content is eaſily had by finding the 
ſuperficial area of one of the pentagons, and multiply- 
ing that reſult by 12, the number of pentagons that 

compoſe the ſuperficies ofthe Dodecaedron. 


OPERATION. 


14864. 92560 Areaof the pentagan. 
"= 


178379.10720 Superficial area required. 


* 


L 3 5. Of 


it 


60 inches; and let 
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5. Of finding the ſolid and ſuperficial content of th: 


Icoſaẽdron. 
The Icofaedron, as I have already obſerved, is a ſo- 


lid body contained under twenty equal and equilateral 


triangles ; and conſequently, its ſolidity is compoſed of 


twenty equilateral triangular pyramids, with their ver- 


tices all joining in the center, The ſolid content 
therefore 1s readily found by the following 


RvLE. 


Find thecontent of one of theſe triangular pyramids; 
multiply that moon by 20, and the product will be the 
fold content required. T 


ExXAMPLE. 


Let ABCDEFG 
Hl be an Icoſacdron, 
each ſide of which is 


both the ſolid and ſu- 
perficial content be 
required. 


OP EZRAT TOR. 
51.9612 The perpendicular of the triangle 
ä 30 Half the ſide | 
1559. 3360 
20 k 
51175. 200 Superficial content. 


Area of one triangle, 


Then 


or MEASURING. 14 


Then 


15.115228 One third alt. of the pyramid 
1558.286 Area of one triangle. 
90691368 
45345084 
120921824 
120921824 
75570149 
75570140 
156115228 


23662. 161554608 
| ms | 
—47124.3231092160 The ſolidity. 


As there is ſeldom any occaſion for finding the ſolid 
content to ps degree of. accuracy, the major 

of the decimals may be omitted ; and the reſult will 
give the content ſufficiently near the truth in actual 
menſuration. Or you may revert the multiplier as 
taught in page 25 of the introduction; and by that 
means obtain an anſwer to the queſtion with much. 
fewer figures. | | | | 

But as theſe calculations are often very troubleſome, 
and very ſubject to errors, I have added the follow- 
ing proportions of the five regular bodies inſcribed 
in the ſame circle, taken from Peter Herigon. Curſus 
Math. vol. 1. p. 779, and Barrow's Euclid, lib. xiii. 


The diameter of the ſphere being 2. 
The circumference of the greateſt circle will be 
| | 6.28318 
Superficies of the teſt circle ——— *. 59 
Superficies of the ſpherex — 12. 56637 
Solidity of the ſphere — 4.1879 
Side of the Tetraẽdron —ſ ä— 1.62299 
Superficies of a Tetraeddron ——— 4.61188 
Solidity of a Tetrazdron — 0. 15132 
Side of a cube or Hexagdron = —— 1.1547 
—d ' ü — 8 


Superficies of the Hexaedron i 
: is © ___ Solidity 


-Superhcies of the Octaëdron 
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Salidity of the Hexaedron — 1.5361 
Side of an Octaedron 1.41429 


— 6 9282 
Solidity of the Octaëdron — 1.33333 
Side of the Dodecaëdron — 0.71264 
Superficies of the Dodecaedron ——— 10.5 1462 7 
Solidity of the Dodecatd ton —— 2.785168 
Side of the Icouſaedron _— 1.05146 
Superficies of the Icoſaddeonxw ĩ ꝛꝓ— 9.57464 P 
Solidity of the Icofaedron = 4.4361 


Tf one of theſe five regular bodies were required to th 
be cut out of a ſphere of any other diameter, it will 


be as the diameter of the ſphere 2 is to the fide of any ol 


one ſolid inſcribed. in the ſame (ſuppoſe the cube 


1.1547) ſo, is the diameter of any other ſphere (ſuppoſe * 


8) to 9.2376, the ſide of the cube inſcribed in this latter tt 
ſphere. 0 | 1 75 


Let dr be the 


diameter of any. u 
ſphere, and da= 
ab = x one third T6 
of that diameter, y 
Erect the perpen- Y 
diculars ae, , 
2 and 2 
e, d ,, er, Fr, and 
ir. bene will 
1. re, de the 
ice of the Tetrae- 
dron. ne 11 
2. df =rf the 
ſide of the Hexas- [ . 
dron. . of f 


z. de the fide of the Octaedron. 

4. Cut de in extreme and mean proporti 

d h will be the fide of the Dodecaëdron. 
Let the diameter dr be ſet up perpendicularly at 
, and from the center c, to its top G, draw the line 
60, cutting the circle in 4, let fall the perpendicular 
#1; then is {r the fide of the Icoſaëdron. 5 
- | BOOE 


on in b, and ' 


wy we WIN ww y> MW = wu gow TY FF- 
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% 0 n 


The Application of the foregoing Rules ta the Practical 
Menſuration of Solid Bodies. 


Phils, H my dear Diſeipulus, explained 
the theoretical part of the menſuration of 


| ſolids; and traced out both by precepts and examptes 


the path that muſt be purſued in all inquiries of this 
kind; it remains that I now ſhew you the beſt methods 
of appling theſe rules to practice. ES 
Diſcip. The trouble you have already taken has laid 
me under the higheſt obligations: but 1 well know, 
—— return I can poſſibly make, is to liſten ta 
your inſtructions, and, by that means, become a maſter 
of thoſe branches of uſeful learning you have kindly 
undertaken to explain. l 1 
Philo. You have rightly gueſſed, Diſcipulus: all T 
require 1s the cloſeſt attention ; for by that means, 
you will afford me the greateſt ſatisfation, becauſe 
you will reap the intended benefit of my inſtructions, 


SE EY 22 + 


__ Of Practical GavGiNs. 
Dijap. What am I to underſtand by practical gaug- 5 


ing! | | 
Phils By practical gauging, is meant the art of find- 
mz the quantity of liquor contained in any cafk, veſ- 
ſel, &c. And as theſe are of various forms, and conſe- 
quently require various methods of computation, I ſhall 
begin with the eaſieſt. N e 


*. : 
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To _ the Area of ay right-lined Superficies i in Gallas. 


11 . 


To find the area of any ſquare tun, back or cooler, 
Kc. either in ale, wine, or corn gallons. 


Ru E. 


Multiply t the given length, or breadth, they in 
this caſe equal to each other, into itſelf, and * 
duct will be the area in inches; then divide that area 
dy 282, 231, or 268.8, and the quotient will be the area 


required, 


EXAMPLE. 
| Suppoſe the fide of a ſquare tun, back or cooler, be 


| 124-51 5 inches; what will its area be in gallons ? 


rft 124.5 multiplied by 124.5 gives 15500,25, the 
area in inches, 
Then 282) 15500,25 (54,96, &c. the area in ale 
gallons. 
And 231) 15500,25 (67,10, &c. the area in wine 
gallons: 
Or 268.8) 1 5500,25 (57,66, &c. the area in corn 


gallons. 


As the operations by divifion are generally conſi- 
dered as more difficult than thoſe of klein, l 
will ſhew you, my dear, Diſcipulus, how you may 
readily change uy diviſor into a multiplicator ; and 
this requires nothing more than to divide unity or 1. by 
the diviſor you 2 2 of changing into a multi- 


plicator, which will produce the ſame anſwer. 


Thus 282) 1,000000(0,003546 the the multiplicator 


for ale A, quan 
231) 1,0coooo(0,004329 the multiplicator for wine 


gallons. 


268.8) 1 . hien for corn 
gallons. Hoes 
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Hence you will eaſily find that 15500,25 multiplied 

by o 03546, will give 54.96, the area in ale gallons as 
before, and ſo on for the reſt, | 


PROBLEM II. 
To find the area of any tun, back or cooler, whoſe 
mw — that of a right-angled parallelogram, in ale gal- 
ons, &c. 9 "4 5 


RU LE. 


Multiply the length by the breadth, and the product 
will be the area in inches. This area being divided 
by the proper diviſors, or multiplied by the equivalent 
multiplicators, will give the folid content in ale, wine, 

or corn gallons, | | 

| ExAMPLE 

Suppoſe the length of a brewer's tun, back, or cooler 
be 217,5 inches, and its breadth 85, 6 inches, what will 
its area be in ale or beer gallons ? 5 | 


Firſt 217.5 multiplied by $5.6 gives 18648 the area | 
in inches. | | 1 
Then 282) 18648 (66, 12, &c. 
Or, 18648 xo, oo3 546 = 66,12, &c. the area re- 
| PROBLEM _ 
To find the area of any 'triangular tun, back, or 
cooler, in ale gallons, &c. | : | | 
„„ .- oe” ee > 
Multiply the baſe by half the perpendicular, or half 
the baſe by the perpendicular, and the product will be 


the area required, and may eaſily be reduced to ale, 
wine, or corn gallons, in the ſame manner as before. 
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EXAMPLE. 


If the length of the baſe of a triangular cooler he 
86,4 inches; and its perpendicular breadth be 57 inches; 
what will be its area in ale gallons ? ; 


Firſt, 86.4 the length multiplied by 28, 5 half-the 
perpendicuftar, gives 2462, 4, the area in inches. 
Then 28202402, 408,73, &c. 
i Or 24624 X0,003546=8,73, &c. the area in ale gal- 
ons. | 
By proceeding in this manner, you will eaſily find 

the area of any tun, back or cooler, whether it be in 
the form a of Rhombus, Rhomboides, T rapezium, or of 
any other polygon, either regular or irregular, in ale, 
or beer gallons, &c. If you firſt divide it inta triangles, 
and then find the areas of thoſe triangles: the ſum of 
thoſe areas being divided, or multiplied. by its proper 
ver or multiplicators, which will give the area re- 

uired. i . 
I The practical method of dividing any polygonal 
tun, back, &c. into triangles, is by the help of achalked 
line, like that uſed by carpenters, and may cafily be 
performed in the foilowing manner. 5 

Suppole a FR . 

brewer's tin, 
back or cooler 
to be in the form 
of the annexed 
fizure ABCDF 
G. Let one end 
of the chalked 
line be faſtened 
with a nail, in 
any corner or 
angle of theback, 
as at A; then 


ſtraining it to the angle at C, ſtrike the f onal line 
AC, upon the bottom of the back; and ſtraining it again 


to the angle D, ſtrike another diagonal line, as AD ; 
„ 2 an 


., T's. RW WW Gp, Gy pos 
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and ſo on for the diagonal line GD: Then having marked 
out all the diagonal, the perpendiculars may be thus 


found; faſten as before, one end of the chalked line in 


the angle B, and then by moving it to and fro upon 
the ſtretch, find out the neareſt diſtance between the 
angle at B, and the diagonal line AC, there ſtrike a 
line, and it will mark out the perpendicular Bb from 
B to the line AC; proceed in the fame manner to mark 
out the other perpendiculars, which being all drawn 
upon the bottom of the back, meaſure them, and each 
diagonal by a line of inches, &c. This done, the 
area of the back may be eaſily computed as directed by 
the method laid down in the laſt problem. 3 
Having found the true area of the back or cooler, the 
next thing will be to diſcover the true dipping or gaug- 
ing place in that back, that the true quantity of liquor 


may be computed or caſt up at any depth. This may 


be done in the following manner. 


1. When the bottom of the back is covered al! over, | 


of any depth with liquor, then dip in your rule in eight 
or ten ſeveral places, more or leſs according to the 


largeneſs of the back, as remote and equally diſtant _ 
one from another as you well can, noting down the 


wet inches, and decimal parts of every dip. 5 
2. Divide the ſum of all thoſe dips or wet inches by 


| the number of places you dipped in, and the quotient 


will be the mean of all thoſe dips. 


U Fl Find out ſuch a place by the fide of the back, that 
ju 


wets your rule to the ſame height with that mean 
dip, and make a mark there for the true dipping place 


of that back. Then if any quantity of wort which 


covers the whole back be dipped or gauged at that place, 
and the wet inches ſo taken be multiplied into the area 
of the back in gallons, the product will ſne how many 
gallons of wort are in the back at that time, provided 
the ſides of the back ſtand at right angles with its bottom. 
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SECTION. u. 
To find the area of any circular and elliptical ſuperficies in 
oo” as 


1. The periphery of the circle whoſe diameter is 
unity or 1. is 3,1416, and its area is 0,7854, ſee page 27 
and 28. d 

2. The peripheries of all circles are in proportion 
one to another, as their diameters ; and their areas are 
in proportion to the ſquares of their diameters. 

As for Example; 1: 3, 1416 : : the diameters of any 
circle: to its periphery. 

And 1:0, 7854: : the ſquare of the diameter: to the 
area. | 

Upon theſe two pr ians depends the folution of 
all the common or — ical queſtions about a circle, 


| PROBLEM. 

The diameter of any circle being given, in inches, 

to find its area in gallons. | 
3 Ru E. 

Multiply the ſquare of the propoſed diameter into 
o, 78 54, and the product will be the area in inches. 
That area being divided by 282, or 231, &c. the quo- 
tient will be the area required. 

EXAMPLE. 
Suppoſe the given diameter be 54-5 inches, what will 


be its area in gallons 


2332,83 the area in inches. 
Then 282)2332,83(8,2724 the area in ale or beer 


Firſt, 545 X54,5=2970,25 and 2970,25 X0,7854= 


gallons. 


And 231)2332,83(10,0988 the area in wine gallons. 
Or 268)2332,83(8,6788 the area in corn 2 
| e | * 


is 
7 
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But theſe areas in 2 may be much eaſier found, 
without ealculatinz the circle's area in inches; by hav- 
ing the ſquare of the diameter of that circle whole area 
is one gallon ; which may be eaſily found in the fol- 

lowing manner. | 
o, 785398 : 1 : : 282 : 359,05 the ſquare of the dia- 
meter o the as whoſe area is 282 cubick inches, 
that is, one gallon : | 
And from this proportion will ariſe the following 
diviſors. 
Viz. 0,785 398) 282, ooo000(3 59, o5 will be a diviſor 
for ale gallons. | 
And 0,785398)231,000000(294,12 will be a diviſer . 
for wine gallons. 
Or o. — 342,24 will be a diviſor 
for corn — 
If the ſquare of the diameter of any circle, be divid- 
ed by — one of thefe conſtant or fixed diviſors, the 
quotient will ſhew that circle's area in their ref | 
gallons. As for —_— ſuppoſe the ſquare of à circle” Ip 
ameter is 2970,25 
Then 359, 72970, 250 (8,2725 the area in ale gallons. 
And 22 2970, 25 }t0,0988 the area in wine gallons. 
Or 342, 24) 2970, 2508, 6788 the area in corn gallons. 
But theſe diviſors may be eaſily turned into multi- 
plicators, by dividing the area into inches of that circle 


_ whoſe diameter is 1. 


That is, 0,785398 by 282; Or by 231, &c. 
EL - 282)0,785398(0,02785 the multiplicator for 
e gallons. 
And 231)0.785398(0,003399 the multiplicator for 
wine gallons. 
Or 268,8)0.785398(0,002923 the multiplicator for 


corn 


200 multiplicators are the reſpective areas of a 
_ whoſe diameter is 1, and therefore if the ſquare of 
diameter of any circle be multiplied with any of 
thete numbers, the product will be that circle's area in 
gallons of the ſame name. 


vw. * the area in ale 
ons. 


180 Tur WHOLE ART 


gallons, 

Thus, my dear Diſcipulus, you will obſerve, that 
if the diameter of any circle be given in inches, there 
are three ſeveral ways of finding its area in gallons, 
and all equally true; but that performed by the con- 


ſtant diviſors is moſt commonly practiſed, | 


PROBLEM V. 


The tranſverſe, or longeſt diameter, and the conju- 
te, or ſhorteſt diameter of any elliptical ſuperficies 
eing given, to find its area in gallons. | 
| Rein. 
Multiply the two diameters, viz. the length and 
breadth together, and divide their product by 359,05 
for ale gallons, or 294,12 for wine gallons, &c. the 


quotient will be the area required, 
— N 


EXAMPLE. 


Suppoſe the longeſt diameter to be 73,5 inches, and 
area be in ale gallons? _ 
Firſt, 73,5 Xs 1,6=3792,6, Then 359,05) 3792, 6 
(10, 56 the area in ale gallons. | 

Or 294,12)3792,6( 12,89 the area in wine gallons, &c. 


PROBLEM VI. 


The diameter of any circle, and the verſed" ſine, viz. 
the height of any ſegment. being given; to find the area 
of that ſegment in gallons. 1 | 
In page 38, I have ſhewn-an eaſy method of finding 
e area of any ſegment of a circle; and muſt now 
obſerve, that if the area in inches found by that method, 
be divided by 282, or 231, &c. the quotient will be its area 


And 2970,25 X 0,003399=10,0938 the area in wine 
I | 


the ſhorteſt diameter to be 51,6 inches; what will the 


in 
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in gallons; and becauſe the area of any ſegment may 
be readily found in gallons, I have àere added a ſhort 
table, which will ſerve very well for common practice, 
not only to find the area of any ſegment of a circle 
in gallons; but alſo to find the number of gallons that 
are either drawn out, or remain in any cylindrick 
veſſel along, or with its axis parallel to the horizon, 
utually called the ullage of a caſk, 


. A TABLE 
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A 


aA LN 


- 


* OF THE , 

| | FR 

Segments of a circle, whoſe area is unity or 1. The eit 
1 being divided by parallel chord lines into of 
ioo equal parts. | . cit 

| ga 


V.S. Sepm. V.S. | 
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The uſe of this table of ſegments depends upon the 
following proportion. 353 is 
As the diameter of any propoſed circle is to 100, (the 
diameter of the tabular circle) : So is the hegne of any 
ſ ——— circle to a verſed fine in the 
ta e. 8 * | 
Then if the tabular ſegment, which ſtands againſt 
that verſed ſine, be multiplied into the cirele's area, 
ie WM either in inches or gallons, the product will be the area 
of of the ſegment required, of the ſame. name. If the 
circle's area be inches, the ſegment will be inches ; If 
gallons, the ſegment will be gallons. | 


: EXAMPLE. 
Let the diameter of 
the given circle be AD. 
=62,5 inches; and the 
height of the ſegment 
ſought- be FA = 20 
inches ; what will its 
area be in ale gallons? * 

Firſt, the area of 
the whole circle will 
be 10,8793 ale gallons, 
and the proportion will — 
ſtand thus, 62, 5: 100 | fo 
: : 20 : 32, the verſed fine of the table, whoſe ſegment 
15 0,3759- | „ 

. X0,279=3,0016 ale gallons, being 
the area of the ſegment HA GF, as was required, 
The ſame method may be obſerved for wine gallons, 
ifs. I hall kad no difficulty in ing the 

iſcip. U find no di in computing t! 
„ of theſe ſigures; but I ſhould be _ glad 
to know how any ſuperficies can be ſaid to hold any 
number of gallons : It can contain no more of any fluid 
than what will cover its furface, 


I 


„ Philo. 


i 
| 
= 
| d 
i 
' 
. 
| 
| 


184 Tus WHOLE ART 
Philo. Y our obſervation is very pertinent and juſt ; 


but it is always ſuppoſed in gauging that the fluid on 


any of theſe ſurfaces is one inch deep. 
"TV CT. WM: 


To calculate the contents 0 3 veſſels, as are in the 
form of different ſolids, as priſms, parallelograms, Orc, 
 Diſcip. In what manner muſt I proceed to find the 


contents of veſſels of ſuch various forms ? 
_ Phils. Almoſt every different ſolid has its own parti. 


cular rule, which muſt be followed in computation, as 


I have already explained in treating of the menſuration 
of ſolids, and ſhall therefore ſhew the method of apply- 
ing thoſe rules to different veſſels by which their con- 
tents will be eaſily computed. 


| PROBLEM VII. 3 
To find the content of any priſm, whoſe ſides are pa- 


rallelograms, what form ſoever its baſe is of. 


That is, to compute the content, in gallons, of any 
tun, &c. whoſe ſides are parallelograms ſtanding up- 
right, or at right angles with its bottom. 

irſt, find its ſolid content in inches by the rule laid 
down in page 140; then divide that content by 282 or 


231, or 268,8, the quotient will ſhew the content 
in their reſpective = 


lons, viz. in ale, wine, or corn 
gallons. 1 
Or multiply the content in inches by 0,003 546, or 
4329, &c. thoſe products will be the content in 
their reſpective gallons. | 
Or, you may purſue the following method ;. firſt find 


the true area of the tun's baſe or bottom ; that area be- 


ing multiplied by the tun's height, will produce the 


_ _ content in gallons, as before. 


The work of this problem is ſo very eaſy as to re- 
quire no example, x 


P r 0- 
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Pr + B LEM VIII. 


To find the content of any pyramid, in gallons, 
whoſe baſe is bounded by right lines. LE 
Every * is one third part of its circumſerib- 


ing pritm 

1 if the area of any pyramid in gallons, be 
maltiplied into one third of its perpendicular height, 
or if one third of that area be multiplied with the whole 
height, either of thoſe products will be the content of 
the pyramid in gallons, &c. 5 

The content of any ſquare pyramid may be eaſily 
found in gallons by the following | 


E 1 4% % 


Square the fide of its baſe; and multiply that ſquare 
by the perpendicular 5 ; then divide that pro- 
duct by 846 282 x for ale gallons; or by 693 31x 3 
for wine gallons; or — 806,4 = 268, 8 x 3 for corn gal- 
lons; the quotient will be the content required. 

Or if you multiply the above product by 9, 01182 
for ale gallons, or with 0,001443 for wine gallons, or 
laſtly, with 0,001242, for corn gallons, the reſult will 
be the content required, 7 


PROBLEM IX. 


T: find the content of the fruſtum of any ſquare pyramid, 
cut off by a plane parallel ta its baſe. 


Firſt, either by rule one or two, given in page 153, 
ind the propoſed fruſtum's folidity in * 
Then divide that content in cubic inches by 282. or 
231 &c. and the quatient will be the content of the 
fruſtum in the reſpective gallons. , | 

But from the methods already laid down, there may 
be eaſtly deduced the following rule, for finding the 
content of the fruſtum of any pyramid, what form 
ſoever its baſes are of, ſuppoſing them to be parallel, 
whether they are alike or unlike, _ . 


0 On, 5 Ro. 


N 
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RV Lx. 

Firſt find the area, then find a geometrical mean be- 
tween thoſe two areas, that is, multiply the two areas 
together, and extract the ſquare root out of that pro. 
duct ; the ſum of thoſe two areas, and their mean bei 
multiplied into one third of the fruſtum's height, wi 
produce the content required, | 


EXAMPLE. 


Suppoſe a tun in the form of the lower fruſtum of 


a pyramid, whoſe baſes are equilateral triangles. Let 
the fide cf the top be 42 inches ; the fide of the bottom 
be 63, 4 inches; and its depth be 33 inches; what will 
the content of that tun be in ale gallons? ©” 

Firſt, find the area of each baſe in inches, then find 
what thoſe areas are in ale gallons, Multiply thoſe two 
areas together; the ſquare root of their product will 
be the mean area, &c. „5 1 


EXAMPLE. 
The area of the top is - 2,71 
The area of the bottom is 6,12 Ale gallons. 
The mean area will be - 4,02 | 
72,90 
Then one third of 12,9x33=141,9 or ene third of 
12,9x33141,9 the content required. 
 PRoBLEM XN. 5 
To find the content of any right eylinder in gallons. 
That is, to compute the content of any round tun, 
whoſe' diameters at top and bottom are equal, and at 


Rl. E. , 
Multiply the ſquare of the diameter into the height: 


and divide the product by 359,05, or multiply with 
. I | | 0,002785, 
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0,002785, & c. that quotient, or product, will be the 


content required. 


EXAMPLE. 


Suppoſe the diameter be 42,5 and the height 1 
inches, Firſt 42,5 X4245=1896425. And N 
z1,5=36896,875, Then 35, 65)56896, 875015845 the 
content in ale gallons, &c. WO ; 


PROBLEM XL 
To find the content of any cone, or round pyramid in gallons. 
Every cone is one third of its circumſcribing cylin- 


der, ſee-page 147.” Therefore its content may be eaſily 
found by the following | g 


Nenn. 


Multiply the ſquare of the diameter of its baſe into 
the perpendicular height; then divide their product by 
1077, 15 2359, of X3 for ale gallons; or by 882, 36 
254,12 x; for wine gallons, &c. and the quotient will 
be the content require. | 

Or if the product be multiplied by 0,000928= 
9.222785 or by 0,0011353=2,23** thoſe products will 
be the content in their reſpective gallons. — 


EXAMPLE TT 
Suppoſe the diameter of the baſe be 42, 5 and the per- 
pendicular height be 31.5 inches; what will the con- 
tent be in ale gallons | 8 
Firſt 42.5 & 42, 51806, 28. And 1806, 25 * 31, 


e en 7 515056896, 875 (52,82 56896, 23 * | 
1077,15)56296,875(52,32. or 56896,23 X 0000 
9298 52,82 the content in e gallons; and in the ſame 


manner for wine or corn gallons. 


Pas. 
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| Pro'BLEM XII. 


To find the content of the lower fruſtum of any cone, in 
| > 


That is, to compute the content of any round tun, 
whe diameter at top and bottom are parallel, but un- 
ual, ON | | AR. 
The content of ſuch a tun may be found by the 
rule page 187, whence. it will be eaſy to deduce the 


following 


; RU IE. | 
To the triple product of the top and bottom dia- 
meters, add the ſquare of their difference; multip| 
that ſum into the height or depth, then divide the | 
product by 1077,15 for ale gallons, or by 882,36 for 
wine gallons, the quotient will be the content required. 
EXAMPLE, 
_ Suppoſe the diameter at the top be 52.4 inches; the 
diameter at the bottom 44,6 ; and the height zo inches, 
what 1s the content in gallons ? 
Firft 52,4 * 44,6=2337,04. J 
And 2337,04 * 32701, 12 1 
Alſo 52, 444,6 = 7.8 N 
And 7,8 X 7, 8 60,84 
The height 30X7071,96=212158,8 


Then 1077, 150212158, 800 196,96 Content in ale 


Or 112158, 8 X0.000928, 2 196, 96 . gallons. 

You are to proceed in the ſame manner, either for 
wine or corn gallons as occaſion requires. But if the 
tun or veſſel be not truly circular; that is, if either its 
top or bottom, or both of them, be elliptical, whether 
they are alike or unlike is of no conſequence, the con- 


tent of ſuch a tun may be truly found by the general 


rule, page 187. 


PR o- 
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The axis or diameter of any ſphere or globe being 


given in inches, to find its content in gallons. 
Every fphere is two thirds of its cifeumſcribing cy- 
linder, by page »g0 and from page 251 it appears, that 
if the cube of the axis of any ſphere, taken in inches, be 
multiplied into o, 5226, the product will be the content 
of the ſphere in cubic inches. Conſequently, if that 
content be divided by 282, or 231, &c. the quotient 
will be the content in gallons. | 5 
But thofe two operations of multiplying with o, 3236 
and the dividing by 282, or by 231, &c. may be con- 
tracted into one. 3 7 | 
Thus 282(0,5236(0;001836 will be a multiplicater 1 
for ale gas. : 
And 1 1)0, 6236) 0, oo 266 will be a multiplicator for 
wine gallons. 28 | 2 
Oro, 523602821 5 38, 5 will be a diviſor for ale gallons. 
a @,5236)231(441,17 will be a diviſor for wine 
ons. 


If the cube of the axis of any ſphere be divided by 
538,57, or multiplied with o, oo 1836, or divided by 
441,17, or elſe multiplied by o, 02266; the quotient 
or product, will be the content of the ſphere in theis 
reſpective gallons. = | 


ExAMPLE. : 


Suppoſe the axis or diameter of a ſphere or globe be 
22 inches; what is its content in ale gallons? 


Or ERRAT TO N. 


Then 22 X22X22=10648 and 538,57) 10648 (19,76 
ale gallons. 


Or 10648 X 6,0018562 19,76 ale gallons, the content 
required. | | 


And ſo for either wine ot corn gallons, às occaſion | 
= - PRO 


? 8 


| 
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PROBLEM XV. 


To find the content of any ſegment of a Se in 
gallons. 


If the diameter of the ſegment's baſe, and its height 


5 are given; the content may be found by the follow 


RuLEe 1. 


To tri le the ſquare of half the diameter, add the 
ſquare of the height ; then multiply that ſum into the 
height, and divide the product bo 538,57 for ale gal- 
lons; or by 441,17 for wine gallons, &c. 


But if t axis of the ſphere, and the height of the 


— are given ; the content may be found by the 


RENE 


Sogn II. 
From triple the product of the axis into the heigh 


ſubtract twice the _ of the height ; then malen mY 


4 remainder into 


8 e height, divide that prod 
by 538,57, S. 


Either of theſe rules will produce the content of the 
ſegment in gallons. 


ExAMPLE, 


e the diameter of the ſegment's baſe be 23 
inches, and its height be 8 inches; what will it con- 
tain in ale gallons ? | 


OrzRATION. 
Firſt 2) 28 (14. Then (per Rule 1) 14 X 14 X3= 338, 
and 6 x ih, Next 588+ 36=624. Again, 924 X6= 
3744. Lafily, 738,57 )3744(695 the content —— 
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SECT. Iv. 


The praftical Method of gaugi ed tun or 
The noting » tbl ee few es 7 Al bel a—— 
deep ; uſually called inching of a tun, &c. | 


The tuns of brewers in general are fo fixed, as to 
lean a little for conveniency of cleanfing their drink, 
which is uſually called the drip, or fall of the tun. The 
drip or fall of any tun, is the hoof of ſuch a ſolid as that 
tun is _—_— to repreſent, and may be found by an 
algebraical proceſs : but the practical method is, to 
meaſure into the tun, ſo much liquor as will juſt cover 
its bottom ; by which means you find at once both the 
fall and a true horizontal line over the bottom of the 
tun, from which, if the depth of the tun, (viz. the 
neareſt diſtance from the top of the tun to the ſurface 
of the liquor) be ſet off upon every one of its ſides, you 
will then have a true lel plane at the top of the tun 
to that of the liquor. | 

Then if the fides of the tun are ſtraight from the top 
to the bottom, take as many dimenhons in the two 

planes, as are neceſſary to find the true area of each; 

and by thoſe two areas, and the above depth, find ſo 
much of the tun's content, as is contained between 

thoſe two planes. : | 3 

Next to inch that tun; divide the difference between 
the top and bottom areas by the depth, and the quotient 
will be an addend or fixed number, which being added 
to the leſſer area, the ſum will be the area of the next 
inch, and being added to that area, their ſum will be the 
area of the third inch, and ſo on from inch to inch, until 
the area of every ſingle inch be ſound; the ſum of thoſe 
areas, if the work be true, will be equal to the content 
found as above. And if the tun's drip or fall be added 
to the ſum of all thoſe areas, that ſum will be the 

whole or full content of the veſſel. | 
From what has been obſerved it is ſufficiently evi- 
dent, that if 1, 2, 3, or 'any number of thoſe areas 
7 M2 - Counted 
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counted from the bottom be added to the fall, that ſum 
will ſhew the quantity of liquor that is in the tun, to 
fuch a number of wet inches from the bottom, as there 
' © are areas added together. | 
_ Or if the ſum of any number of thoſe areas, being 
? counted from the top, be ſubſtracted from the tun's 
whole content, the remainder will ſhew what quantity 
| of liquor is in the tun, when there is ſuch a number of 
y dry inches from the top as there are areas ſubſtracted. 
Pp hen theſe directions are well conſidered there will 
be no difficulty in forming a table ta every wet 
or dry inch of any tun, whoſe hides are mir from the 
top to the bottom; what form ſoeyer its baſes are of, 
and whether it ſtand upon its greater or leſſer baſe. 
== But if the fides of the tun are not ſtraight from the top 
4 to the bottom; then, the beſt and eaſieſt way will be 
to divide the tun into feveral fruſtums, each of 10 
inches deep, and finding the content of every ſingle 
fruſtum, by taking the diameters in the middle of every 
one of thoſe io inches; that is, the firſt diameter at five 
inches from the top; the fecond diameter at 1; 
inches from the top, &c. and multiplying their reſpec. 
tive areas by 10, which is done by only removing the 
ſeparating commas one place forward to the right 
hand. This being done, if the ſum of all thoſe fruſ- 
tums be added to the fall, that ſüm will be the whole 
cotitent of the tun. | 1 
t muſt be obſerved, that if you take the height of the 
10 inch fruſtums in the fide of the tun, you muſt alloy 
for the difference between the flant height, and the 
perpendicular height in every fruſtum. | 
If from the whole content of the tun, you ſubtract 
the mean area of the firſt fruſtum ten times, and from 
the remainder ſubtract the mean area of the fecond 
fruſtum ten times, and from the laſt remainder ſubtract 
the mean area of the third fruſtum, &c. until there re- 
mains nothing but the fall or hoof of the tun; you will 
have a table that will ſhew what quantity of drink is in 
the tun, to any number of dry inches. * 
This method is likewiſe uſed for gauging and inch - 
ing a brewer's copper. Firſt, Meaſure into the copper 
; I pile as 
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as much liquor as will juſt cover its crown : then dividg 
its — height into fruſtums, and its ſides 
into four equal parts, that ſo croſs diameters may be 
taken in the middle of each fruſtum. But if the cop- 
per is much wider at the top than at the bottom, and 
its ſides ſpheroidical arching; then inſtead of taking 
thoſe mean diameters in the middle of every ten inches, 

ou muſt take them in the middle of every ſix inches; 
but in every other reſpect you may proceed as before. 
But the quantity of liquor that would cover the crown 
of the copper may be found without meaſuring it as 
above, by ſuppoſing the crown to be the ſegment of a2 
ſphere, and the lower part of the copper, wherem the 
crown: riſes, to be the fruſtum of a parabolic conoid: 
then if the diameter at the top of the crown, and its 
perpendicular height are given, the quantity of liquox 
may be found by the following | 
8 
Ru TE. 3 
From the area of the plane at the top of the crown 
ſubſtract 14 of the area of the crown's height; the re- 
mainder being multiplied into half the height of the 
crown, will produce the quantity or number of gallons 
that will cover the crown. | 


SECT. . 3 5 
Taco the content 0 loſe caſt, viz. hutt, pip * 
=_ | bead, 8 1 * * 


In order to perform this difficult part of ing, the 
three following dimenſions of the 8 
be —— taken in inches, and decimal parts of an 
inch. | 
Viz. The bouldge or bung diameter, within the caſk. 
1 of the head diameters, ſuppoſing them both 
W | N 
And the length of the caſk within. | | ; 
In taking theſe dimenſions, it muft be carefully ob- 
ſerved, firſt, that the bung-hole be in the middle of the 
caſk; alſo that the bung-itaft, and the ſtaff over againſt 
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8 are both regular or even within. Second- 
ly, That the heads of the caſk are equal and truly cir. 
cular ; if fo, the diſtance between the inſide of the 
chine, to the outſide of it's oppoſite ſtaff, will be the 
head diameter within the caſk. Thirdly, With a flid- 
ing pair of calipers, take the ſhorteſt diſtance between 
the outfides of the two heads; from that length ſub. 
ſtract 11 inch more, or according to the largeneſs of 


the cafk, for the thickneſs of the head; the remaindei | 


will he the length of the caſk within. i 

Now, by theſe dimenſions it is natural to ſuppoſe, 
the content of the caſk were perfectly limited; but it 
will be eaſy to perceive, by the following figure, that 


the diameters and the length of one caſk, may be equal 


to thoſe of another; and yet one of thoſe caſks may 
contain ſeveral gallons more than the other. 

For inſtance, | 
ſuppoſe the an- 
nexed figure 
ABC DGF, <\; | | 
to repreſent a | EC: | | 

eaſe; 2 bs "4 

is plain, that | 5 IT 
if the outward IL. — ; . i 
curved lines A {| | MY 
e ” = "xl 
D are the . | 


bounds or ö | -——_ 
faves of the * —__| 
caſk ; it muſt 8 


of courſe hold 5 
more than if the inner ſtraight or pricked were its bounds 
or ſtaves; and yet the bung diameter BG, head dia- 
meters GD and AF, and the length LH, are the ſame 
in both thoſe caſcs. : 
From this it plainly appears, that no one certain or 
general rule can be preſcribed, to find-the true content 
of all ſorts of caſæs; and therefore, gaugers uſually ſup- 
pole every caſk to be in form of ſome one of theſe follow- 
c 


Vix. 


oF MEASURING. 195 
I. The middle zone or fruſtum of a ſphe- 


roid. 


| 11. ; ML middle zone or fruſtum of a parabolic 
Indie. 8 
III. The lower fruſtum of W parabo- 
lic conoids. 
IV. The lower fruſtum of two equal cones. 
The method of finding the form of the and com- 


uting its content according to that ſuppoſed form, is to 
1 thus: 


If the ſtaves of the cafk are very curved or arch- 
ing, as the outward lines of the laſt figure; then the 
ca i is ſuppoſed to be in the form of the middle zone, 
or fruſtum of a ſpheroid, whoſe content may be com- 
— by the two following rules. 


RUE l. 


To twice the ſquare of the bung diameter, add the 
ſquare of the head diameter ; multiply that ſum into the 
Jen gth, and divide the product by 1077, 16. viz. 3,8192 
4255 for ale gallons; and by 382,36. Vi 378197 N 
231 for wine gallons. 


Ru IR II. 


To twice the area of the bung circle, add the area of - 
the head circle; multipl 12 ſum into one third of 


he ge „ and the produ will be the content in their 


Viz. 


ExaAMrI EZ I. 


80 ppoſe a caſk in the form of the middle zone of a 5 
Ne whoſe bung diameter is 31,5, head diameter 
2455 and its length 42 inches. 
l 


= 31,5 X31,3X28= 1984,5 and 24,5 X24,5= 

5 1984,5 X600,25=2584,75. and 2584,73 X42 
— LL 

Then 107,15) 10855995 _—_ the content in ale 


ons, | 
M 4 And 
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And 882, 35) 708959, 5 (123, 5 the content in wine 


gallons. | | 
wr. Or thus by the ſecond Rule. | 
Bung diameter 31,5, twice its circle's area is 5, 5270 
Head diameter 24, 5, its circle's area is 1,6718 
The length 42 divided by 3 is 14. Their ſum 7, 1988 
Then 7, 1988 14=100,78 the content in ale gallons. 
The content in wine gallons may be found in the 
fame manner. 
II. If che ſtaves of the caſk are not quite ſo much 


cut ved or arching as was ſu d before; the caſk iy 


then taken for the middle fruſtum ofa parabolic ſpindle; 


Andi its contents may be computed by this 


Ru LE. 


To twice the ſquare of the bung diameter, add the 
ſquare of the head diameter; from their difference fub- 
itract four, tenths of the ſquare of the difference of the 


_ diameters ; multiply» the remainder into the length, 


And divide the product by 1077, 15, &c. as above. 


EX AML E II. 
Suppoſe the dimenſions the ſame as before. Then 


31,5 K 3,5 X2: +24,5X24,5=2584,75, and 37,5 —24, 
D/. Again, 7g four tenths of which =19,6, 
and £2584,75—19,6X42=107736.3. Then 1077,15) 


3077 36,3{ 100,10 the content in ale gallans, &c.. 
b. When the ſtaves of the caſk are but very little 


11 


_ curved or arching, then it is ſuppoſed to be in the form 


of the fruſtums of two equal parabolic conoids, abut- 


ting or joining together upon one common baſe at the 
bouldge, and the content may be found by the ſollow- 


ing rules. 


Rl E 1 | 
To the ſquare of the 2 diameter, add the ſquare 


of the head diameter ; multiply their fum into thelength, 
an: 


divide the product by 718,08, 
/ Vis. 


2 
1 


er MEASURING, 197 
Viz. 2,5464 * 282) for ale gallons; or by 588,22. 
Viz. n ) for wine gallons ; or thus | 


RuLre II. 
To the area of the bun circle, add the area of the 


head en_ multiply the ſum into half the length, and 


the product will be the content required. 


ExamMPeLts III. 


With the ſame dimenſions as before. 
Firſt, 31,5 X31,5:+24,5X24,5=1591,5 and 1 $9255 
X42 266885. and 718,08)66885(93,01 the content in 
ale gallons. 5 | | 
Or 588,22)66885(113,7 the content in wine gallons. 
IV. If the ſtaves of the caſk are ſtraight from the 
bouldge to the head, as in the inner pricked lines in 
the laſt figure; it is then taken for the lower fruſtums 
of two equal cones, abutting or joining together upon 
one common baſe at the bouldge, and its contents may 
be computed thus : | - 
* 
| RVUL x. | 
To the ſum of the ſquares of the head and bung dia- 
meters, add their product; then multiply that ſum into 
the length, and divide the laſt product by 1077,15. 
Or by 882,36, the quotient will be the content; &c. 
: EXTAMPIIE IV. 
With the ſame dimenſions as before. | 
Firſt, 31,5 * 31,5: 4 24,5 X 2445 : +3135 & 24,5 23643 


25. And 2364, 25 & 42299298, 5. Then 1077, 15 | 


99299, 5 (92,18, the content in ale gallons, and io on 
tor wine gallons, 
Thus you have the methods of computing the true 


contents of the four ſolids, in whoſe forms all caſks 


M | Are 


— 
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are ſuppoſed to be ; and by the Ale Gall. Differ, 
examples it appears, that of four [I. 100,78 | 0,57 
ſuch caſks as have their dimen- J II. 100,01 | 5,00 
fions all equal, and the ſame III. 93, 1 | 0,83 
with thoſe above-mentioned, IV. 92,18 
the contents will be as in the margin. - 

From the diſproportion or inequality of theſe differ- 
ences, it will be eaſy to imagine, that there may be ſe- 
veral caſks whoſe contents cannot be truly found, ac- 


cording to the ſuppoſed forms ; and, therefore, in order 


to rectify thoſe- inequalities, ſome authors have laid 
down theorems of their own invention, and others 
have propoſed tables for the ſame purpoſe ; but ſince 
all that we can attain to is only gueſs at the truth, the 
beſt and eaſieſt way is to be preferred in practice, which 
is, by finding ſuch a mean diameter as will reduce the 


propoſed cafk to a cylinder, thus: 


Multiply the difference between the head and bung 
diameters by 0,7 or by c,65 or by o, 6, or by 0,55 
according as the ſtaves of the cafk are more or leſs 
arching ; add the product to the head diameter, and 


the ſum will be the mean diameter required. 


EXAMPLE V. 
With the ſame dimenſions as before. Then the bung 
diameter leſs the head diameter is 31,z—24,5=7. And 


M. D. A. G. Cont. Dif. 
7x0, 229, 4 rts area 2, 4073 X42 2 101, 02, 39 


7 *, 65 229, o5 —2,3504X42= 98, 710, 36 
2455 


7X 0,6==28,7 — 2,2941 Xx 42 2 96,35j2,32 


7 XK, 15 28,35 —— 2, 2385 X42= 94,03[2,32 


Hence it may be obſerred, that the difference between 
each caſk's content is regular, and very near equal; 
which plainly ſhews, that there is not 10 much room 
left for error by this method of computing their con- 


tents, as by the above forms. 


— 
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SECT. VI. 


To find what quantity of liquor is Aber drawn 
forth, or remaining in any ſpheroidical caſt, uſually 
called the ullage of a caſk. 

CASE 1. To find what quantity of liquor is in the 
caſk, when its axis is perpendicular to the horizon; 
viz. when it ſtands up right upon Tow of its heads. 

In order to perform eaſieſt way, it will be 
convenient to know how to calculate the area of any 
circle, betwixt the bung and the head, whoſe diſtance 
from the bung or middle of the caſk is given, which 
may be done in the 2 manner. 

4 the ſquare of half the h of the caſk : isto the 
difference between the bung head areas : : fo is the 
ſquare of any circle's Ace from the bung : to the 
difference between the bung area, and the area of that 
circle ; viz. the area of the liquor's ſurface. 


Danone ra Aren 


N. ip length of te 
Let {D=h D=half the bung 8 5 | 'B - \ 
half the head diame- BY f 
ter. WITTE: ©. OY 


a=half the diameter of 
5 f the el 
en according to t common pro of t - 
lipſis, it will be, BB : : DD: : BB— LH: 44. And 
BB DD: B B—P P : ag. | 
Hence this analogy HE : DD—d2: FP: DD— 
aa, ThenD — being ſubtracted from DD, wal 
leave aa: but circles areas are in proportion to the 
ſquares of their diameters.. Therefore, the above ana- 
logy is true. | 


=the diſtance of any (Mp 
| At af circle from the bung. (0 5 — 7. 
( 7 


5 M 6 Then, 


' 
| 
. : 
} 
f 
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Then, from the bung area, ſubtract one third part 

of the aforeſaid difference; viz. between the bung area, 
and the area of the liquor's ſurface z multiply the re- 
e by the liquor's diſtance from the bung, and 
the product will ſhew what quantity of liquor is either 
above, or under half the content of the c 


ar 


M ff MRAWMPLE 


— 


Let us 1 * a caſk of the ſame dimenſions with 
that in the firſt example, page 126, and let it be requir- 
ed to find what quantity of liquor, ale meaſure, is in 
it, when there is but nine inches wet. Here half the 
length of the caſk is 21 inches, whoſe ſquare is 441, 
and the liquor's diſtance from the bung is 21—g=12, 


Ats ſquare is 144. The difference between the bu 


and head areas is 1,0917 (22,7635 —1, 6718). Then 
44 1,0917 44,3564. : 
And 2,7633—0,3564=2,4971, the area of the liquor's 
ſurface. 7 | 
Again, 342-3564{0,1 188, And 2,763;—0,1188= 
2,6447. Then 2,6447 X12=31,7364, what the caſk 
wants of being half full, Conſequently 50,39--31,73= 
18,66 will be the quantity of liquor in the caſk at nine 
inches wet, in ale gallons. | 
And if the caſk had wanted but nine inches of being 
Tull; then 50, 39 & 31,732, 12 would have been the 
quantity of liquor in the caſk. _ 8 
As the two firſt terms, 441 and 1,091), in the propor- 
tion, are fixed, or contmue the ſame b any diſtance; 
it will be eaſy to calculate the areas of all the circles be- 
tween the- bung and head to 2 inch; and by that 
means to make a table which will ſnew what quanti 
.of liquor is either drawn out or remaining in the c 
at any depth. | | 
- :Casz 2: To find what quantity of liquor is in any 
cCaſx, hen its axis is parallel to the horizon; viz. when 
zit lies along. | | . 3 
The ttueſt method of coming to the truth, in all ſorts 
of cafſks, is by computing the ullage by a table of ſeg 
ments, in theffollowing manner: B 
— 95 5,5 - op 
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1. By the bung and head diameters find ſuch a mean 
diameter as you judge will reduce the 1 
caſk to a cylinder, by the method already laid down; 
and then And its full content by the preceding ex- 
amples. | | 

-4 From the bung diameter, ſubtract the mean dia- 
meter, and halve their difference, that is, divide it by 
two. | 

3. From the wet inches of the propoſed ullage, ſub- 
tract the ſaid half difference, and call it x; then obſery 
the following proportion: | " 

As the mean diameter: is to 100 (the diameter of the 
tabular circle) : : ſo is the laſt difference, (viz. x) to 
a verſed ſine in the table, page 182. a | 

Then if the tabular ſegment, which ſtands againſt - 
that verſed fine, be multiplied into the content of the 


caſk ; the product will ſhew the ullage j viz. what 


quantity of liquor is either in the caſk or drawn out. 


EXAMPLE. 


Take a caſk, whoſe bung diameter is 31,5 inches; 
mean diameter 29,05 ; and content 98,71 ale gallons; 
then ſuppoſe there were 10,5 inches wet in it; it is re- 
quired to find the wet and dry gallons. | 80 

Here 31,5—29,05=2,45; its half is 1, 22. And 10, 
83 hen 29,05; 100: : 9, 28: o, 319 V. 


ſine; its ſegment is o, 2748, And 98, 71 &, 2748 29, 


12 the number of wet gallons. 
Again, 31,5—10,5=21, the dry inches; and 21,— 
1,22=19,78. Then 29,05 : 100: : 19,78 : o, 68; its 


| ſegment is 0,7241. — 98,71 x0 7241871,48, the 


number of dry gallon 5 | 
Proof, 71,48 K 27, 12298. 6, is nearly the content of 


the caſk. 
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. Of the practical methods of meaſuring timber, flone, &c. 


Philo. 1 branches of menſuration being of 

the utmoſt importance, I could wiſh, my 
dear Diſcipulus, that you would be very attentive to 
the inſtructions I ſhall give you, relative to theſe ſub- 
jects, becauſe they will be found highly uſeful on many 
occaſions. : | 


Diſcip. It is hardly poſlible for any perſon, deſirous 


of underſtanding thoſe branches of learning, to neglect 


ſo fair an opportunity of increaſing his knowledge, and 


acquiring a ſyſtem of inſtructive leſſons, that cannot 


fail of being highly uſeful to him during his whole life. 


For my own part, I value your inſtructions at fo high 
a rate, that I ſhall always think the day vou were kind 
enough to take me under your care, as one of the moſt 
fortunate in my whole life. | „„ 

Philo. It gives me t ſatisfaction to hear you are 
ſo fond of your learning: and give me leave to add, 
that the rules I ſhall lay down with regard to thoſe 
practical branches of menſuration, will be fo plain and 


| eaſy to be underſtood, that you will find no difficulty 


in putting them in practice, whenever there ſhall be 
occaſion. - : 
SRCT. L 
Of Meafuring Timber. 


In order to render this art more intel]! ible, I ſhall 
divide it into three branches. In the firſt I will ſhew 


the method of meaſuring ſquare or equal ſided timber: 


in the ſecond, that of unequal ſided timber: and in the 


third, I will explain the variaus methods uſed by - 


ical meafurers for finding the content if round 
timber, whether it be of the ſame diameter throughout, 


or tapering, as trees, &c. 


2: 1. Of 
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1. Of meaſuring ſquare timber. 
Diſcip. What am I to underſtand-by ſquare timber? 
Philo. By ſquare timber is to be underſtood, all 
ſuch pieces as are hewed, or ſawed into a true paral- 
el-piped ; or whoſe breadth and depth are equal to 
one another, And all theſe are meaſured by the fol- 
lowing | 


RL E. 


Find the area of the bafe, (that is, multiply the 
breadth by the depth) and multiply that -area or pro- 
duct by the length: the reſult of the laſt operation will 
be the content defired. | _ | 


ExamPLE I. 


Suppoſe a piece of timber be one foot, nine inches 


in breauth the ſame in depth, and 20 feet long: how 
many ſolid feet does it contain, and what will it come 
to at 15, gd. per foot? Mi inn 


-- Prince? Skates 


As 


% 
* 
* 2 
— * n Wa N—_ 
— —_— owes — . ——-— ü- ñĩñbZTAW — ——ũ—6—— — 
— — — — —— — — 
o 
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As one foot: 15. 9d. 1. 75 : : 61,25: 


651, 28 
2 1 
30625 bT 
2 Ve 
| . 10, 1875 the 
5 1 1 Pt = he 
d. 2, 2500 | | 
+ 1,00 c 


Anſ. The content is 61 feet and a quarter, and the 
* price 5. 75. zd. 4. 


61—3—0 - 


Diſcip. I am ſorry to W ou but I have often 
heard workmen mention a load of timber; what do they 
mean by that term? 
Phils. By a load of timber workmen and meaſurers 
mean 40 feet of rough or unhewn timber, and go feet 
of hewn timber ; and this quantity is ſuppoſed to weigh 
a ton, or 20 hundred weight. The reaſon they give 
for this difference between a load of hewn or unhewn 
timber is, that the former is meaſured very near the 
truth; whereas the latter is ſo far from being ſo, that what 
is ſold for 40 is about 50 feet; a weight 
of each is nearly equal. So that upon the whole, it a- 
mounts to the fame thing. Hence you may eaſily re- 
duce the ſolid content of any piece or pieces of timber 
to loads by the following . 
„ 8 RuLes 
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RvuLEs. 


Divide the feet of hewn timber by 50; the quotient 
ives the loads, | ; WE 
Divide the feet in rough timber by 40 ; the quotient 
gives the loads. ; | 
There is, however, ſome difference with regard to 
the terms in the King's Yards. They call 40 feet of 
hewn timber a ton, and 50 feet a load. | 


ExXAMPLE, 


Suppoſe a merchant has er of ſquare timber 
to diſpoſe of, at 30s. 6d. per load, of the following di- 
menſions, viz. No, 1, 2 fn 6 inches the ſide of the 
ſquare, and zo feet long: No. 2. 3 feet, 3 inches the 
fide of the ſquare, and 40 feet bong: o. 3. 2 feet 
inches the ſide of the ſquare, and a5 feet long : No. 4. 4 
feet 2 inches the ſide of the ſquare, and 18 feet 6 inches 
ag No. 5. 1 inches the ſide of the ſquare, and 
22 feet long: No. 6. 4 feet the ſide of the ſquare, and 
18 feet long: and No. 7. 5 feet ; inches the ſide of the 
ſquare, and 28 feet long. What is the ſolid content of 
the 188 and what will it amount to at the aboyę 
price YE 


' Decimal Solution, 
Nuns. I. 


Nous, 
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Nuns. II. ; 


3-25 
Jo25__ 
1625 
650 
8 
10.5625 
5 Mm 
422.5000Content. 


Nuns. III. 
2.75 


2” 
16664 

173355556 
13,5 
86777780 
3 138044445 
17355550 _ 

E. 1,0777 860 * 
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Nums. V. 
3 75 


| 309. 3750 529-1758 Content, 
Nux. VI. 


Num. VII. 
5.25 


771.7500 Content. 
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Contents. 
No. 1. — 
2.— 422.5 
3.— 189.062 5 ) 
4.—321.097786 
5. 309.37 
6.— 288 : 
b eee, 
5 00 2489.265286 Content. 


As 1 load ; 11. 107. 6d. =1.5025 : : 497.853105 loads, 
8 1.8025 
2489265 
ot 995706 
24892650 
nn $97553 


748.0241325 
; 20 


= 4826500 


HT , 


Anf. The number of loads is 497-853 ; the price 
7481. 


As I have given the wha'e operation by decimals at 


large, I ſhall leave the ſolution. by duodcimals, or croſs 
multiplication, as an exerciſe to 2 fully per- 
ſuaded that you will find no difficulty in the taſk : and 
ſhall conclude the menſuration of ſquare timber, with 
propoſing the following queſtions, and giving their 
anſwers, without the arithmetical aperations. 


QuzsTion I. 


How many ſolid feet are contained in a piece of 
timber, when the fide of the ſquare is 2 feet 11 inches, 
and the length 37 feet? | 
Anſw. 314 feet, 9 inches, 1 twelfth of an inch. 


PE 
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oe ren 


Suppole a piece of timber, 1 foot 8 inches the fide of 
the ſquare, and 29 feet 6 inches long; what is its ſolid _ 


content ? 
Anſ. 81 feet, 11 inches, 4 twelfths. 


QuzsrTIon III. 


IF the fode of the ſquare of a NE 554 
feet inches, and its length 18 feet; what is is f 
content ? | 

Anſ. 232 fret rinch and a half. 


Quere IV. 


It is required to find the ſolidity of a piece of timn⸗ 
ber, the ſide of the ſquare being 1 foot 7 8 and 
the length zi feet 6 inches. 
Ani. 78 f. 11 in. 7· P. | 


dit a © F 


= of 3 W fed Timber 
Diſcip. What am I % underſtand by unequal feded 


timber. 

Phila. That the breadth of a piece of timber is greater 
than its depth, or its iy greater than its breadth ; 
that is, when theſe two enftons are unequal, 

Thus, if ABCD, re- AR — 
preſent the baſe of a piece — Sal 
of timber. and AC<BD ' |} 
be longer than AB=CD, | 


and theſe dimenſions are 
the ſame through the 
whole piece, it is ſaid to 
be unequal ſided. l 
Diſcip. I am greatly o- 
bliged to you for this ex- : 433 
planation; and ſhall now 2 
be glad to know how lam k- — 
o proceed, in order to find the ſolidity of pieces of tim- 
ber of this kind. pbib. 
| 140. 
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Pbilo. The whole difficulty of meaſuring theſe piecez 
by tables, confifts in reducing the baſe to a ſquare; 
that is, in finding the fide of a ſquare, whoſe area is 
equal to that of a lelogram, whoſe dimenſions 
are given: and this difficulty is eaſily removed by the 
following 


RuLE. 


_ Multiply the two ſides together, and extract the ſquare 

root out of the product: root will be the ſide of 

the ſquare required. | | 

But in order to find the ſolidity by arithmetical com. 

putation, there is not the leaſt ty for this trouble: 
ou have nothing more to do than to multiply the 
readth by the depth, and that product by the length; 

for the laſt reſult will be the ſolidity required. 


ENJAM PII I. 

What is the ſolid content of a piece of timber, whoſe 
breadth is 2 feet 6 inches, its depth 1 foot inches, and 
its length 20 feet? 5 

1.75 Depth 
3 2 Breadth. 

| Pac 8 
= | EE, 

4-375 Area of the baſe 

20 Length. 
| 37. 500 Solidity. 


ExamyLE II. 


Suppoſe apiece of timber be 4 feet broad, 2 6 
Con- 


inches deep, and 3o feet long, what is the 
tent of that piece? | 28 


1 G Fm ht — 3 0 


OOO IO» © OR OA A OY OA AG <4 an 


® 
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Anſ. 420 feet. 
ExIAM IE III. 
If on meaſuring a piece of timber, I find it 2 feet 3 


inches broad, 2 9 inches deep, and 40 feet long; 
how many ſolid feet does the piece un? 8 


Solution by Decimali. 
2.25 Breadth 
2.75 Depth. 
1125 
1575 
_ $50 
6.1875 


Anſw. 247.5 feet. 

e Vou mentioned, in meaſuring al ſided 
timber by tables, it was neceſſary to multiply the di- 
menſions of the baſe together, and extract the ſquare 
root out of the product, in order to find the fide of a 
iquare, whoſe area ſhould be equal to the area of the 
parallelogram. I ſhould be glad to know what you 
mean by meaſuring timber by tables ? Wa 

Philo. There are ſeveral treatiſes extant, by which 
you may readily find the folidity of any piece of timber, 
according to the practical method of meafuring with- 
out the help of — arithmetical calculations, as 1 ſhall 
explain more fully, when I come to ſhew you the 
manner of meaſuring tapering timber, where I propoſe 


N 
+ 
1 
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to explain the method uſed in computing thoſe tables 
and the uſe that ſhould be made of them. In the mean 


ſhall purſue the method I have laid dow! at the begin- 
ng of this ſection, 


3. Of meaſuring round dale, 


Round timber is of two kinds, firft, That where the 
twoends are equal to each other. Second, That where 
the two ends are not equal to each other, and therefore 


Called tapering timber. 
1. of meaſurmg round timber, when both the ends art 


equal. 


Pieces of round timber, where both * ends are 


equal, are cylinders, and their ſolidity may be found 
by the following 


NU. 


Multiply the ſquare of one fourth of the circum. 
ference by the length, and the — is the — 


tequired. 


Exams I. 


Let it be required to find the ſolid content of a piece 


of round timber, whoſe circumference is 4.496 feet, 


and its length 10 feet, 


%. 
= 
„ . * 


© my — — 


— 
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lui by Decimals, be) 
1.124 one fourthof the circumference. 


_y „ v5 Of 


R 


Anl. 12.6337 feet; or 12 ket 7 inches, and 8 tenths 
of an incl. 2 


e EAN I. 


What is the content of a piece of round timber, 
whoſe circumference is 8 feet 4 inches, and its * 
" feet; ſuppoſing its ends are equal? 


| 2.0833 one quarter of oe eircumf 
cd { 2.0833 


Ji r - 
. RELEASE 
5 35 


Anſ. 65 rt: i inch, wht 2 tenths of an inch. 


As the above operation is compoſed of a great num 
ber of figures, the major part o which a 00 rea] 
uſe, the work may be much ſhortened by inverting the 
multiplicator, as — in page 25 of the i introduc- 
tion to this treatiſe. 

Diſcip. 


S PEST <5 


— — — 
— —— 


2 rrantas wy — ... . 
Mie * 10 ” Jn Ra * ” a — " v 


rr 4 4 
—UZ— — —E—em— — — 
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Diſcip. I perceive there is no &ſfeulty. in finding the 
ſoli ry of any piece of rqund timber, — 


dimenſions are given; but I ſhquld be glad to know, 


what method is taken by practi meaſurers to find the 


circumference. 15 4 | | 
Phila, The method is very eaſy, being nothing mere 
with a ftring, 


than this: They girt the piece rounc 


double the ſtring twice, and meaſure it on a rule, by 
| which means they obtain one 5 the girt or cir. 


cumference, which they conſider as the fide of a ſquare, 
of the Circular baſe. 


whole area is equal to the area 0 
Diſcip. But is this method true: 
Phils. No: it is very erroneous ; far the fourth part 


of the circumference of a cirele, is not equal to the 


fide of 2 fquare, whoſe area is equal to the area of the 
circle. For if the circumference of a circle be 1, the 


ſide of a ſquare of equal area to that circle, is o. 2927, 


{ ſee page 29) whereas by the falſe method of the girt it 


is only o. 25. 


Diſcip. Why then is it practiſed? why is not the 
true ackbod uſed inſtead of the falſe ? g 
Philo. It was firſt introduced by ignorance, and con · 


tinued, becauſe it is ſome what eaſier than the ot 


till cuttom fixed it fo fitmly, that all the demonſtra- 
tions in the world will net be ahle to baniſh it from 
4 ractice. But the ſolidity of round timber may 

f very near the truth, by the following 


| RULE. | 
Multiply the ſquare of the circumference of the 


| pron by the length, and that product by 5,07958 ; the 
 laftTteſu 


it will be the ſolidity required. . 


EX AMI I. = 
What is the ſolidity of a piece of timber, the fourth 


of whoſecircumference is 1 foot 6 inches, and its length 
20 feet? r 


a 


CY ww ED CY 


JP vs 
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| Solution by Decimals; 
— 1 6 Circumference. 


| 
—— — nf⁊ͥ.P—— OGO— 


| 6.8544 
Anſ. 57 feet, 3 inches, 6 parts. 


Solution according to the common Method. 
1. 5 one fourth of the girt..: 


> 3.x Mn 
75 
15 
2.2 5 


20 Length. 
| 45-00 


Anſ. 45 feet. | 
Hence it appears, that 12 feet, 34 inches of timber 
are loſt to the ſeller by uſing the common method. | 

T. ExameLte II. | 
Required the ol oy of a piece of timber, when the 
fourth of the girt is 2 feet, and the length 3o feet. 


N 2 |. Solution 
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Solution by the true methed. 


8 Circumference. 
3 . - 


Anf. 152.7936 feet, or 152 feetg inches and a half, 
Solution by the common Methad. 


2 
4 


$6 "6 
120 Feet, the anſwer. 


The difference between theſe two ſolutions is 32 feet 
g inches and a half. | . bo 
I ſhall add, my dear Diſcipulus, a ſolution to this 
22 by the accurate method laid down in page 134, 
or finding the ſolid content of a cylinder. x 
The diameter of a circle, whoſe circumference is 8, 
wm * 2.546, this w_ ſquared s 6.482116, 2 
_ multiplied by 7854, (fee page 28) is 5. 0910429064, 
the area of the baſe; this n by the length 
gives the ſolidity required. 


9 
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Or ERATIO&. 


2.546 . 
2.540 | | 
35256 -_ | | 
10184 | 
12730 
_50og2 _ 
| | 1 
RY 
25928464 
: 32410580 1 | 
51856828 | „„ 
122 | 
50910429004 
2 __3o Length, 


15 2.7312871920 


Anſ. 152.73, & c. feet, not differing from the firſt 
ſolution one tenth of an inch; a ſufficient proof that 
the above rule is ſufficiently near the truth for common 
practice. 55 | 


2. Of meaſuring tapering timber. | 


Diſcip. What am I tounderſtand by tapering timber? 
Philo. By tapering timber is meant, trees, &c. as they . 
row in the foreſts, or any pieces of timber, that are 
3 at one end than the other. OY 
Diſcip. What method muſt be purſued in order to 
find the ſolid content of ſuch pieces of timber? 
Philo, The method generally uſed by meaſurers is 
very eaſy and expeditious ; it is this: They meaſure = 
along the piece from one end to the other, for the 
length; and at the middle, they girt it round with a 
ſtring, double that ftring twice, and meaſure the length. 
of it thus doubled, and call this the fourth of the girt, 
and ſuppoſe it equal to the fide of the ſquare, -which 
the piece will hold throughout. In conſequence of 
this, they ſquare the fourth part of the girt, that is, 
Ta - 8 they 


{> 


= True WHOLE ART 
they multiply it by itſelf; and that produ multiplied 
by the length of the piece, gives the content. 

But if the tree has its bark on, they make an allow- 
ance for it; deducting it from the fourth part of the 
girt before they multiply it by itſelf. ” 

Diſcip. What are the general allowances made for 
the bark ? | 

Philo. There is not any fixed proportion for this 
allowance, that is general in all places; but the fol- 
lowing are commonly uſed. For oak one tenth, 
or one twelfth part of the whole girt is deducted for 
the bark; in elm, beech, aſh, &c. it is ſomething 
leis. Some meaſurers inſiſt upon one inch, out of the 
' Fourth part of the girt. That is, if the quarter of 
- tbde pirt be 10 inches, they call it nine, and with that 
| Procced to meaſure the tree. When the allowance 
tor the bark is ſettled, the tree is meaſured by the 
following ; | 


5 RUTL Z. 
From the girt, or quarter of the girt, according to 
the nature and thickneſs of the bark, deduct the alfow- 


ance, and with the remainder find the content of the 
tree, as mentioned above. 1 


EXAMPLE I. 


Suppoſe it were required to find the content of 

an old thick-barked tree, whoſe length is 22 feet, and 

the quarter of the girt 2 feet 10 inches; the allowance 
Tor the bark being 1 inch out of the fourth of the girt. 


<2 


| Operation 
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N 


2.6333 
— Allowancef for 165 
2, 7500 
2-75 
1375 
1925 
550 


7.5025 
22 Length. 


151250 


154250 


— 


Auf, 166 feet, 4x finches. 
By croſs Multiplication. 


_ T7 


I 3 for bark, 


Anf. 166 feet, 4 inches, 1 6 eelttbe, or 45 inches 
the ſame as before. 


_ | os 


What i is the content of a tree, whoſe length i is 2g 
feet, and OT ORE N 2 3 feet 10 38 
| ow- 
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allowance for bark being one 2 of the circum- 


ſerence. 
| Operation by Decimals. 
12)3.8333]-3194 


3.8333 
3194 
3-5139 
3-5 139 reduced quaterſthgi 
316251 
105417 
35139 
175095 
_105417 - 
12, 34749321 | 
zz Length, 
6173745605 
2469498642 
308, 68733085 


9 928 


4 308 feet, 8 inches, = 2 parts and nine tenths. 


or MEASURING. 
By croſs Multiplication. 
12][3—10 BT 
. —3—10 
From 3—10 | 
Take 3—10 
Rem. 3—-6-—2 Reduced £ girt. 
Se + irt 
5 


19 —1— 
10 —-6——6 


1224 2—0 


25 Length. | 
68—-8—2 | 

24 . | 
308 ---8---2 


Anſ. zo feet, 8 ii. ehes, 2 twelfths ; nearly the fame 
as before. | | 


» 


ExamMPLE III. 


A timber merchant brought three pieces of timber 
of the following dimenſions, after the bark is allowed 
for, viz. No. I. 20 feet long, and 2 feet 3 inches the 
quarter of the girt; No. II. 30 feet long, and 1 foot g 
inches the quarter of the girt; and No. III. 27 feet 

long, and 2 Het 6 inches the quarter of the gist, at 15. 
per foot ; what will the whole amount to? 


cs — 
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A Operation by Decimall. 
| I 


F. 101.2500 


/ 


r MEASURING, 223 
F. I. 
No. 1.701. 2g 
2.— 91. 875 
3.— 188.25 
61.875 
As 1 foot: 18. (.:: 361.875 


Anl. The 5 of the whole is 361, fe feet, 107 
inches; and the price 18“. 16. 10d. 3. 


By Croſs Muiplicatic. 
Nuns. I. 

23 Quarter girt. 

— 

5 | | 
3 21 | 
— — 1 | 
__- Nums. II. 

1—9 Quarter gict. 
= | 3 3 
3-9 | 4 GEE. AT 


| 
| 


— — 
£ — 


— — 2 — — . ——— 1 
1 , — * 
— - = + —— 1 — Cate ca————_—_ : = eee 
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Nouns, III. 
2--6 r girt. 
r 
1 3— 0 
52 
6— 3 
2 
25 
: 12 
| 168—9. 
— — 
3.—168—9 
36 —10 f 
Anſw. 361 feet 107 inches; the as before. 


Ex AMI E IV. 


A merchant has bought a fall of timber, conſiſting 
of ten trees, whoſe dimenſions, when the bark is al- 
lowed for, are as — 1 


What will the whole amount to at 


gd. 


: 
z per foot? 


[SY 


Operation 
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| Operation by j NT Y 
Nuns. I. | 
*75 Quarter girt. 


BE... == o Content. 
r 
| r.25 Quarter girt. 
— 
| 625 
3 290 
6 | 12 
1.5625 
| 11 Length. 


77-1875 Content. 


* 


be 


Nuus. 


— ä — — oo — 


| Nun. IV. a 
1. 70 Quarter girt. 


1193566 
1708 


2.91 
; TY Length. 

18503584 

2917264 

45.578224 Content. 
. V. 
1.3333 Quarter girt. 

3 


771675156 
e 


42 .66450736 Content. 
Nous. VI. 


1.3333 uarter girt. 
3333-1 er inverted. 
E 
3999 
399 
39 


1.7776 

1 | 23 Length. 

3 | ä 

1 ä 35552_ 

| a 40.8848 Content. 
| NumMs. 
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| Nuns. VH. | 
3 Quarter-girt. 
r 0 | 
18 Length. 


| 
162 "762 Content, U 
Nouz. VIII. | 
2. 16666 Quarter girt. 
'66661.2 Multiplier inverted, 


433333 | 
21666 


131.3488 Content. 
Nun. IX. 
2.58333 — erted. 


4888 2 Multiplier 
51 


113.4852 


k 5 
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no. T 


uarter girt. 
6619. — Multiplier inverted. 


E. 


— 255. 23760 — NY 
No. 1.—-5.625 | 
2,—10.71875 
3.——17.1875 
4.— 6.67622 
5.— 42.0945 
5.— 40.8848 
7.— 162. 
8.— 131.3568 
9 — 13. 45069 
10,--- 255.2370 _ 
* 186 
As 1 foot: to gd. 4 (=, 03958) : : 825.79183 
28220 inverted. 


* 


v 


Fm 4. 13.080 


Anſ. 320. 135. 8d. 5 d. 8.16 
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Buy crofs Multiplication. 
Nuns. I. 
0--9 — girt. 
— 2 
2: thy - 
ccc 
76 Content. 
Nn. II. 


 ©-10--6 Quarter girt. 
* 0-106 


. 
8--9--0 
ew | 
+4 2 2 Length. 
a 2 Content. 
"Noums. II. 
1—3 _—_ girt. 
d 1—3 
| 3—9 
| bh nc FE 
13-6—9 
11 1 


172. 

Nong. IV. 
1-86 Quarter girt. 
12 

10-30 

25 1--L>-8--0 

1--8--6 — 
2—11—0- 


5 18 L Length. 


7640 Content. 


229 
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Nums. V. 

I--4. Quarter girt. 
14 
54 

1—4 

— 


0 e * 24 Length. 


. Cantent. 
NUMB, V „ N 
1—4 Quarter irt. 
14 


54 


— 


"Noms. VIII. 
2—2 


74 
Re... 

4—=8—4 
| 28 Length. 


2 — 


5 Nu uz. 


wn, 0 MS Tr o* 
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LESS: Nouns. 1X. g 3 
2 Quarter girt. 


— 
1—6—1 
ee 
6--8--1 
3 | 
113--5--5 Content. 
Num. X. 
2--11 Quarter girt. 
2—11 
2—8—1 
3 
8 
| 30o Length. 
| _ 255---2---6 Content. 
2.—10—8—7—6 
** 
j—6—.— 
een ee | 
— —0 8 
77 
3.— . — — 
Gor 1 — — 
ꝓ—j —— 
Total 825——10——-7----6 . 


Such is the method generally uſed in meaſuring tim- 
ber; but in order to prevent miſtakes, ſeveral authors 
have calculated tables, whereby the content of 15 


piece of timber is eaſily known, by having the len 
and the quarter of the girt given. Nor is it at all diffi- 
cult, though ſomething tedious to calculate ſuch tables 
for your own uſe, | „ 

iſcip. I ſhould be very glad to know the method 
taken in forming tables this kind: I have ſeen 
tables of various kinds, in books I have occaſionally 


read on other ſubjects; but always thought they could 


{ 
| 
F 


- 
CO ESCS 


-+—- 4 
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-_ = compoſed without the utmoſt labour and dif. 

culty. AGES mate 3 
Philos. Some tables are indeed ſufficiently difficult 
and tedious; but the generality, eſpecially thoſe for 

meaſuring timber, are eaſily computed. I will give you 

an inftance or two of this, by computing part of a 
table of that kind. But it will be previouſly neceſſary 
to obſerve, that a table ſufficient to anſwer the purpoſes 
of meaſuring timber, muſt be computed from ſix inches 
to 54 inches the fide of the ſquare, and from one fourth 
of a foot to 45 feet in length. 
This being premiſed, let it be required to compute 
a table for meafuring a piece of timber, whoſe {ide 
of the ſquare is ſeven inches, but of any length leſs 
than 26 feet. 5 
In order to find the content of one foot in length, 
8 the ſeven inches by ſeven inches, and the re- 
ſult will be four inches and one twelfth, thus: 
8 „ 

8 | —0 ; 

"= LR | 
This will be the firſt line in the table; the ſecond 
line will be the firſt doubled, or added to itſelf; the 
third the firſt and ſecond added together; the fourth, 
the thirg, and firſt added together: and thus, by a con- 
tinual addition of the firſt line, the table will be readily 
conſtructed without any farther difficulty. See the 
whole work, Tas | 


„ 
| ” 
208 2 
7 0 = 
31 6 3 
1 
4 1-4 4 
4 1 
„ 
4 1 


F. long 


5 | e 
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F. long. F. I. F. + 

„ 1 
7.0 
8 2 


Wo = 0 mW IN. 


SD. o 
Itwill, perhaps, be beet. to i that the 


figures 4--1, th tween the lines are to be omit- 
ted, when the table is finiſned; they are only _—_ 
there to ſhew the method of com the contents 
that are ſet againſt their reſpective lengths. When 
they are omitted, the numbers will ſtand as below. 
Table ſhewing the folid content of any piece of 
timber, ſeven inches the fide of * A on. not 


excecding 26 feet in length. 5 
F. long, P. I. p. wg 7 
„ * 
29 2 
5 Z-.. ©". 
4 1 4 
1 
ASS. 
ES I 
„ 
9:3: $: 9 
N 
ds 2: 3 
„ 411.0 
dy 4 3 
14 4 9 2 
N 2 
5 
0 R 
1 
1 0 5-53 
20 '6 9 8 


F. long. 


————— 


"OMNI. I AE FEES 


... pedo — 


— 
—— — — 
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F. long. F. I. P. e 


21. yy 02 9 
22 . 0 ce 
2 7 9 11 {t 
$8 2 0 
25 © 8 6 1 1 
5 VV 
If you calculate a ſet of tables in this manner, . for a 


every quarter of an ineh the ſide of the ſquare, and ex. 
tend the length to 45 feet, you will have a very uſeful 

compendium-for meaſuring timber with accuracy and 
_ difpatch. There are indeed feveral books extant filled 
with tables of this leind: But I would not have ycu 


depend implicitly upon any tables, till you hae 4 
thoroughly examined and corrected them ; as there are 
r hatf, or three qua 

| ith regard to the quarter, „ or three quarters 

of a foot, happening often zn the length, it will be ſuf- 
ficient to calculate the contents of theſe, and ſet them 
down at the bottom of the table. Theſe contents are 


_ eaſily found, if you conſider that the one quarter of a 


foot is one fourth of the firſt line, &c. and therefore 
the contents of theſe fractions are: 


„* 
4 O=--1--0--3, 
2 0206. 
41 0--3--0--9. 


Theſe contents, when they happen in the length, are | 


to be added to the contents found in the table, and the 


ſum will be the area required. 


EXAMPLE. 


- 


What is the ſolid content of a piece of timber, whoſe 
ſide of the ſquare, or quarter girt, is ſeven inches, and 
the length 23 feet nine inches, or 23 feet and three 


quarters. 


; f F. . P. 
The content of 23 feet 7--9--11 
I 
8--0--11--9 
Anſ. 


OF 'MEABSUR ING. 
Anſ. 8 feet, o inches, 1 arts, ſeconds. 
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In order to render the method of calculating, and 


| conſequently pf examining tables as eaſy as poſſible, I 


ſhall give anather inſtance, where the firſt line has ſe- 
cond and third parts in it, as the method of proceed- 
ing is ſomething different frpm that of the former. 

et it be requized to compute a table for meaſuring 
timber, whoſe quarter girt, or ſide of the ſquare, is 


eight inches and à quæ ter. 


8—3 75 | 9 8 F. long: F. I. 
8--3 = a k | 1 1 0 5 
2--0--9 £2 ” 9 1 
5--6--0 8. 3 
5--8-=0--9 firſt line. , * 
8 | -Y 

| 4. 1 1 

1 

1 

| 0:4 

6 2 0 

5 8 8 

7-3 

3 8 

2 4.9 

5 O 5 

„„ 1 


1 
8 0 9 
8 0 g 
4 1 IE 
80 9 
8 
8 0 9 
8 3 © 
8 0 9g 
4+ 3-3 
8 0 9 
o 4 6 
8 o 9 
EC 3 
8 0 9 
4 6 © 
82 9 
o 6 9 


In this manner the aboye table is computed, and 
when the intermediate lines, together with the ſecond 


and third parts are omitted, the contents will ſtand in 


the following manner : 


— 


F. long 


* - 
— — r / p e / te 


—— 


- - "mm — — — ꝗü— — — — — — 
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'| 
\ ö 6 . '. long. F. 1. P. 
1 n . * 0 5 „ 
1 eee 15 | $67 11 141 
| N N W l D 10 8 | 
. | : | | Wort 12 445 » f 8 410 8115 
6 1 ; = e. ' 4 1 8 oF : 3 * F 
1 ER 1 7 
1 V 
1 A 4 T8: 
| RI. I. 
i 1 „„ 
; ; 2 3 a 
24. 6:,7 4 
0 FE „ 
f wo * 16 7 7 6 9 
1 1 
1 3 :: Bo | 
| 19 8 11 9 | 
1 = $$ 
= 39 © 
Vn 
5 | 393 mw © x | 
: : .. 4 2 ; 
ny 25 11 9 9 | 
2S 38 . 3 £ | 
1 | 
33 | 
| 5 | 29 5 13 8 5 [ | * my | 
1 ae /mmꝙm oe om og | 
Ss SO Os re : 
1 O— 0 
| z 2 2—10—0 
1 


| By this table you may very readily find the ſolid con- | 
tent of any piece of timber, whoſe ſide of the ſquare, or 7 
quarter girt, is 85 ., and the length not exceeding 


feet. | 
* 2 EXAMPLE 


or MEASURING 247 


FE EXAMPLE. 


What is the ſolid content of a piece of timber, 


whoſe quarter girt is 85 inches, and its length 24 
feet and a half ? 


W 
Content of 24 feet. 11—4—1 
of k —2——10 
| 11—6—11 | 


Anſ. 11 feet, 6 inches, 11 parts, or 2 of an inch. 


Diſcip. I was unwilling to interrupt you, till you had 
ener 


he ſolution, but ſhould now 2 know 


why the ſolid content of 3, 6, and 9 inches only, are 


_ _ and all the intermediate inches-omitted. 
ilo. 

increaſe they would add to the content of the piece of 
timber: Meaſurers, indeed, ſeldom take notice of any 
other denominations in the length of a piece, than feet 
and quarters. But this is a defect that ſhould be 
ſupplied in large pieces of timber, eſpecially when the 
wood is of a conſiderable. price, ſuch as mahogany, &c. 
And I would recommend to you, in forming a ſet of 
tables, to remember, when the fide of the ſquare is 
more than 12 inches, or one foot, to place at the bot- 
tom, the contents of the ſeveral inches; it will only 


add nine lines to each table, and, by that ſmall in- 


creaſe, you may compute the ſolidity to ſufficient ac- 
curacy. Let us, for inſtance, ſee the difference be- 
tween the contents of a large piece of timber, when 
the intermediate inches are taken in, and when omitted 
in the computation. | 


EXAMPLE. 


What will be the contents of two pieces of timber, 
one 3 feet 4 inches the ſide of the ſquare, and 20 feet 
6 inches long; and the other 3 feet 4 inches the ſide 


of the ſquare, and 20 feet 8 inches long ? 


VV 


he reaſon for their being omitted is, the ſmal!l 
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| OPERATION. | 
Firſt piece .3—— 4 Side of the ſquare. 
. YN 
1—.— 
3 
11 —1 . —◻＋“ Area of the baſe, 
206 Length. 
N _I—I— 
0 | 221—1—8 
| — EIES— 
Second piece 3—4 {+ 
"5 _ — 
1 N — — 
1—0 
| | 11—1— 
| 208 Length. 
| 7 —4—10—8 
1 221——11— 4 3 
EO 229—4—2—8 
2 3 . 
The content of the 2d is 229 —4—2—8 
Ditto of the iſt 2279—6——4—0 
- IA tour — A 


The difference is 1 foot, 9 inches, 10 parts, 8 ſecond 
arts. 

. If you are deſirous of computing decimal tables, it 

may be eaſily done; and they will have this advan- 

tage, that the content may be found to any degree of 

accuracy you may think neceſſary. One inſtance will 

be ſufficient to ſhew the method of computing decimal 
tables for meaſuring timber. 


— 


55 EXAMPLE, „ 
Let it be required to compute a decimal table, for 
2 the ſolid content of any piece of timber, whoſe 
ſide of the ſquare is 18 inches, gr 1 foot 6 inches ? 
5 8 | Mm | =_ 1.5 


1.5 
75 
15 


"2-25 Firſtline, | 


| 6—— 14.50 

In this manner the 
table may be eaſily con- 
ſtructed, and the num- 
bers will ſtand as in the 


margin, 
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- 


. — D111 > Inns ern, _/ 


| 
| 
| 
| 


 trou 
parts of menſuration in ſo conſpicuous a manner, but 


inſtances, with conſiderable advantage, I ſhould 
| | | | 1 


RY 
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The uſe of this table is the fame with the former, 


enly the content here is given in feet and decimals, in- 
ſtead of feet, inches, and parts. | . 


EAM IL x. 
What is the content of a piece of timber, whoſe 


feet. 
Anſ. 42.7 5, or 42 feet, 9 inches. 3 
What has been obſerved will! be abundantly ſuffi- 
cient to explain the nature and:uſe of theſe tables; 
and I ſhall only obſerve, with regard to their con- 
ſtruction, that the lines forming a ſeries of numbers 


in arithmetical progreſſion, whoſe difference is the 


firſt line, there will often be no occaſion for the con- 


. tinued addition; but the numbers may be ſet down 


with the greateſt facility, without any calculation, 
The decimal table affords us a plain example of this 
kind, for the decimals are nothing more than an arith- 
metical 3 increaſing by. 25, or one quarter 
of a foot. The ſeries therefore is 25, 50 (or. 5) 75, 
o. And theſe will be continually repeated from the 


beginning of the.table to the end, be its length wl at 


it will. he line of feet is alſo a ſeries of numb; 
in arithmetical progreſſion, whoſe common difference 
is 2, except where there is only a cypher, or blank, 
in the decimal ſeries, when the common difference 
will be 3. Conſequently the numbers are only 2, -, 
6, 9, 11, 13, 15, 18, and may be readily ſet down wit - 
out any farther trouble, than that of adding three in- 
ſtead of two to every fourth number. 

1 J am exceedingly obliged to you for the 

e 


you have taken in explaining theſe uſeful 


mould be glad to know the beft method of finding 
the amaunt of any piece of timber, when the content 


is found by croſs multiplication. You have given a 


ſufficient number of inſtances by decimals ; but as 
the other is often practiſed, and, I think, in ſome 


often 


ſide of the ſquare is 1 foot 6 inches, and the length 1g 


wi, O Qc 


. 


„ 20 
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often uſe it, provided I knew how to find the value, 
or what the piece will amount to at a certain rate per 


foot. 5 
Phils. I am always pleaſed to ſatisfy any doubts 
that may perplex your mind, or remove any difficulties, 
that may obfirut your progreſs, I intended to give 
one inſtance of this kind before I finiſhed this branch 
of menſuration : but as I perceive it is a difficulty of 
more conſequence than I imagined, and that the re- 
moving this difficulty will give you pleaſure, I ſhall be 
very explicit in this particular, and do not doubt of 
giving you full fatisfaCtion.. | | 
In order to this, it will be neceſſary to conſider 
the nature of the fractions into which the foot, &c. 
is divided; namely, twelfths, That is, the foot is 
divided into twelve equal parts called inches; tha 
inches into twelve equal parts called the tweltth of an 
inch, or ſimply, parts; and theſe are again divided 
into other twelve equal parts called ſeconds, &c. Con- 
— the inches are twelfths of a foot, every part 
the 144th of a foot (Sz N12) and every ſecond the 
1728th part (12X12X12), 5 | 
The reſpective value of theſe divifions would be 
very readily found, if the denominations of money 
decreaſed in the ſame proportion : But this is not the 
caſe; there is only one denomination that has this 
proportion, viz. Shillings and pence. When, there- 
fore, the price of timber is 1s. per foot, every inch 
will be a penny, and every part the twelfth of a penny, 
or one third of a farthing ; conſequently three of 
theſe parts are equal to a farthing. Hence it follows, 
that when the price of timber is any number of ſhil- 
lings per foot, the value is alſo very eaſily found; for 
if the whole content be multiplied by the number of 
ſhillings, the reſult will be the number of ſhillings. 
But waen this does not happen, the value of the whole 
muſt be found, by taking the aliquot parts. A fe- 
examples will render the whole very intelligible. . 


O. 3 ExAurrzx; 
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EXAMPL E I. 


| What will a piece of timber, 1 foot, 6 inches the 
ſide of the ſquate, and 20 feet | Rf amount to at Lo, 


9 per foot ? | | | Ic 
| C 
1——6 
f | 1——6 
= TT 
\ | | —— — 
2—3—0 
| | 20 | 
1 — Content. 
1 And. 45 thillings, or 2/. 55, a 
1 5 
ExamPLis II. 
| What will be the value of a ideof of timber 25 feet 
| long. and 1 foot 4 inches the ſ. of the ſquare, at 15, 
| per foot? 
l OryzRATION. þ 
| mm 
| 3 
1 5 — 4 
TW 
1 — g—+ 
| yo — 
— — — | 
5 a 
The 44 fect 2—4—0 
3 he 5 inches -- o=—o——; 


The 4 twelfths IT © RIS, | 


Anf. 21. 45. fd. 4. 


EXAMPLE 
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Exanesz It 


A gentleman ſold three pieces of timber of the fol- 
lowing „ viz. 


No. 1.—— side of the ſquare 25 feet long... 
4 I--9 »-- 

1-10 40 

What will the whole amount to at 25.. per foot — 


OrPztRATION. 


| 5 * © p. 
Content of No. 1. 146—0— 
2. 82——8—3 
3. 8 —— 
Whole content 363 — 
. 3 
The 363 feet — 36—6—0 
The r inch — — 
The 8 twelfths ——— o——o——1+ 
| £36== — 


Anſ. 364. 65. 3d. 20 


Ex AMP L E IV. 


What muſt a timber-merchant pay for three pieces 
of timber, of as — dimenſions, viz. 


No. 1. 2 1 Side ſquare 20 feet long. 
2. — 1 30 

1—11 27 

at 5. 64% per foot? 


Content of No. 1.— W 0 8 
2.——— 360 19 0 
j.—___ 

Content of the whole 486 9g 171 


„ | 
04 The 
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The 486 feet at 15. per foot is 24——6—0 


Ditto, at Ed. 1 2—3——0 
Tneg inches at 15. per foot o —0—9 
Ditto, at 6. — 
The 11 twelfths | Onm——— 
| L3b=—lo—3 


Anſ. 361. 10s. 3d. 
I have been ſo very explicit in theſe ſolutions, that 
I think any more d r as the manner of 
proceeding in all is the ſame, the different price per 
foot making the only difference in the operation. | 
Diſcip. 1 am extremely obliged to you, Sir; you 
have removed all my dificulties ; I can now find the 
value as eafily as the content of any piece of timber, 


Of neaſuring ſtone, &c. 


Philo. Though I have thought proper to divide the 
menſuration of ſtone, &c. from that of timber, yet 
they are actually the ſame, and performed by the ſame 

rules, except in taking the dimenſions, which 1s done 
with more accuracy in ſtone, becauſe the value is 
generally much greater. 5 

Diſcip. W nat are the methods uſed in taking the di- 
menſions of ſtone. | 

Phil;, They meaſure the length, breadth, and 


_ thickne(s with a rule, but with ſuch accuracy, that 


even the twelfth of an inch is fet down, in meaſuring a 
block of inarble : in common ftone they are not fo ac- 
curate. When the dimenſions are taken, the ſolidity 


is found as before by the following | 


RULE, 
Multiply the breadth into the depth or thickneſs, 
and that product by the length; the reſult is the ſoli- 
dity required. | = . 91 


* 


EXAMPLE». 
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Ex AMP L E I. 


What 15 the ſolid Content of a piece of marble, . 
whoſe breadth is 4 feet, 8 inches, and a half, its depth - 
z feet 4 inches, and its length 8 feet. 


Solution ly Decimals. 
Breadth 4.7083 
Depth 3.3333 3 
141249 ; 
141249 
141249 
141249 
141249 
15.69417639 - 
8 Length. 


F. I25.55341112- 
I2 


| S. 8.2752- 
Anſ. 125 F,61.7P.88. 1 
By Croſ⸗ Multiplication. 

8 
„ „ eee N 
1—6——10 © 
15 8 


4 | 
85 _ 8 Length. 
128 6 8 Content. 


It will be needleſs to give any more inſtances of this 
| kind, the operations vs the very ſame with thoſe 


G already, 
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already given for finding the ſolid content of ſquare 


and unequal ſided timber, 


1 e . 
Of the beft methods of taking the dimenſions of timber, in 
order to avoid the groſs errors that attend the common 
practice of meaſurers. ve | 


Diſcip. When you laid down the rule, page 214, [ 


ſuppoſed, that if the method there pointed out was fol- 


lowed, the ſolution would be ſufficiently accurate; 
can there then be any neceſſity for other rules and pre- 
cepts! ns | i 

Philo. The rule you mentioned is ſufficiently accu- 
rate for finding the ſolidity of timber, whoſe ends are 
equal; but as this is rarely the caſe, other methods 
muit be purſued, if the practitioner be deſirous of avoid- 
ing the groſs errors attending the common practice. 

It is the cuſtom in the King's yards, with regard to 
oak, elm, and beech, to have it ſquared by the mer- 
chant before it is received by the purveyors; and ac- 
cording to their contract, the ſum of the breadth of 
the ſlabs taken off, are not to be leſs than twice the 
ſum of the wanes; if they ſhould be leſs the King's 
meaſurers hew the oppoſite ſides till the dimenſions are 
reduced to the terms of the contract; but they general- 
Iy give the turn of advantage to the merchant. When 
the ſides of the timber are thus ſquare, the dimenſions 
are taken with a pair of large callipers; and the dif- 
ferent extents between the points of the inſtrument, 
being meaſured on a ſcale of inches, give the dimen- 
ſions which they ufe inſtead of the girt. | 

Dijcip. In deſcribing the method uſed for taking the 
dimenſions of timber in the King's yards, vou ſaid 
that the ſum of the breadth of the /abs taken off, muſt 
not be Jeſs than twice the ſum of the wanes. But as 
I have not an adequate idea of theſe terms, I ſhould 
be glad if you would explain them to me. 


Phils, 
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Phils. With 
all my heart 
Diſcipulus. 

The figure I 
have drawn, 
will, I dare ſay, 
be abundantly 
ſufficient for 
the purpole. a: 
Let therefore, 
the outer circle 
AdGFeED 
þ CB a repre- 
ſent the end of 
a piece of tim- 
„ 

any 5 T4 | —.— 5 
E, D&C, repre- | oy 
ſent the /abs that muſt be taken of, and AH, GF, 
ED, CB, repreſent the wanes, or parts of the external 
circumference of the tree that are ſuffered to remain, 

Now if the right lines AB, CD, EF, GH, are when 
added together, equal to twice the fum of the lengths 
of the arches or wanes AH, Gr, EL, CB, the tree is 
properly prepared for the King's meaſurers ; but if not, 
hew the ſides till they make them equal. = 

iſcip. Y ou have indeed removed the diFculty. I 
ſhall be at no loſs in knowing when timber is, and 
when it is not properly prepared for being meaſurcd in 
the King's yards. 

Phils. It gives m2 plcaſure whenever my meaning is 
thoroughly underſtood ; and I ſhall now proceed to lay 
down tome uſeful rules, which you will do well to 
22 whenever you are called upon to meaſure 
timber. FO, | 


Px 


Roxana FE 
Sid the tree in as many places as you cqnveniently 
can, add theſe girts together, and divide the ſun by 
Re O06 their 
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their number; the quotient will be the mean girt of 


the tree. 

The uſefulneſs of 
this rule will ſuffi- 
ciently appear, if the 
figure I have drawn 
be attentively con- 
ſidered. It repreſents 
a tree in a form fre- 


quantly met with, 


andwhich, if meaſur- 


ed by the common 
method, will be fold 


at. a very conſiderable 
loſs to the ſeller. I 


have laid the figure 
down very accurate- 


ly, from a ſcale, and 
the dimenſions of it 

are theſe: the length 
32% ' feet, or 31 
feet 8 inches, 4 parts, 
3 ſeconds nearly. 
A quarter of the girt 
at LM IK, OH, 
is 1 foct 10 inches 
at E F, the middle 
of the tree, 1 foot 
2 inches at CD, 1 
foot o, and at AB 7 
inches.. 


Let it therefore be 


required to find the 


folid content of this 
tree, buth by the 


preceding rule, and 
_ allo by the common 


method of mcafuring. 
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By the preceding Rule. 
F. I. * 
One-fourth of the Girt at LM —1—10 
at IK —1—10 
at GH 1—10 
at E. F 1—2 
at C 5—1—.-0 
at AB —0—7 
— 3. 


— ä 
— 1 „ Mean Quarter of the Girt= ; 
Then 1.375 
1.375 
6875 
9625 
4125 
2 
1.89062 5 
31.7 Length. 
13234377 
189062 5 
5671875 
59-9328125 Content... 
F. 59. 25 


I. 11.193 


2. = | 
| Aa 59 fert, 11 inches, 2 twellibs | 


* 


_—— _ 
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By the Common Methed. 


1.1665 Quarter girt, 
+" * | 


69999 
69599 
69990 
11666 
1 8 
1.369955 56 
1. Length. 
952668892 
136095556 
408286668 


F. 43.14 291152 
12 


I. 1.80 
Anſ. 43 feet 1 inch and a half, 
| . 8 
By the former method 59—11—2 
By the common method 43—-1—6_ 
5 | 16—-g9—8 


Hence it appears, that the ſeller will loſe 16 feet, 9 


inches, 8 twelfths of timber, by ſelling it by the come 


mon method of meaſuring. 

But what is, perhaps, ſtill more ſurpriſing is, that 
if the tree were cut aſunder at the line GH, the two 
pieces would meaſure more than when whole, even tho' 
the content were found by the firſt method. 

Let us, for Example, ſuppoſe the tree c under at 


the line GH, then will the length of the butt be 12 
feet 6 inches, and the quarter of the girt 1 foot 10 inches. 


The other part will be 19 feet 2 inches and a half 
22 and the quarter of the girt at CD, now the 
middle of the piece, 1 foot. 
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. P. 
The ſolid content of the butt 42—0--2' 


Of the top, or * part —— 
61--2--6 


By this method the ſolid conteat of the tree is 61 
feet, 2 inches, 6 twelfths. 


Rur II. 


Never let the tops of your trees remain farther than 
they run about 7 or 8 inches the fide of the ſquare, for 
this will occaſion the girting place nearer the top, and 
conſequently make the product leſs ; nor will the ad- 
dition of the length make it ſufficient to ſupply the de- 
hciency of the girt, 


To 
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To illuſtrate this Rule, 
I have drawn the figure in 
the margin, where the whole 


length of the tree is divided 


into fix _ parts, the tree 
runs regularly tapering from 
the bottom 
and conſequently the girts 


are in arithmetical ' progref- - 
fron, The length is 14 feet, 


and the quarters of the re- 
ſpective girts as follows: 


That at the baſe 8 
+ | F. F, | of 2 
18. | 1—8—0 
F D-1--5--6 + 


F-1--3--0 


By ? 
The middle d H-1--1--6 - 


4010 
IM. 0<--8--6 


a Q-0--6--0. 


Suppoſe 'it were required 
to find the ſolid content of 
this piece of timber, 

It will be 17 feet, 8 inches, 


7 parts. 
Lee us now ſuppoſe the 


piece LMNO, 2 feet 4 inches 


in length, cut off, then will 


the length be 11 feet 8 inches, 
the middle of the piece, the 
line 1--3, whoſe half or quar- 


ter of the girt will be 1 foot 


2 inches, 9 parts. 


\ 


to the top, 


| 
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Then 
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. L 
Then will the content be _ 17—4 
To which add the content of LUNO, 1i— 
Content of the two pieces. 18—4 


N. B. If the ſide of the ſquare be leſs than ſix inches, 
it is not eſteemed timber. But if any of the limbs are 
of that ſize, they are accounted timber meaſured as 
_ and their contents added to that of the body of 

e tree, | | 


45-2 Ruzs III. 
It is a privilege enjoyed by the buyer, to take the 


—* any ꝑart of the tree between the middle and the 
utt. 1 


EXA 
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hes 


the margin repreſent a trec, whoſe 


gure in 
feet 4 


INC 
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EXAMPLE. | 


Let the fi 
is 30 


length 


— * 
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| by F. 1. 5 
The quarter at the butt A B 1-- | 
FF 
| at EF 1--9 5 
a at GH o- 10 


d the | fLM S207 

And the length of LM, of the | 

branch TY 2 5 dos 

Andlet it be required to find the content of the whole. 
As the quarter girt at E F, the middle of the tree, is 


greater than that of C D, the buyer will, doubtleſs, 
girt the tree there. . I. 


Content of the tree, excluſive of the ; V 3 
branch | "OP 
— — of the branch : 1 —_— 5 


But you ſhould remember, that fo large a branch 
growing in the manner repreſented in thefigure, renders 
the ſtick of timber very valuable to Ship-wrights, as a 
uſeful piece, which they call a knee, may be cut out 
of this tree. This obſervation is worth regarding, for 
I have more than once ſeen very fine timber of this kind 
| ſold for much leſs than its real value, through the ig- 

norance of the grower. | 


TT. A | 
When a piece of timber does not run tapering with 
any regularity, it will be adviſeable to cut it into two 
or three pieces, unleſs the buyer will conſent to the 
meaſuring it in the manner it muſt be meaſured when 


divided into different pieces, and which practical 
meaſurers call jaggling the piece, 


* 


ExXAM- | 


256. True WHOLE ART 
EXAMPLE. I \K 
Let the figure in the mar- & 1 K 
pin repreſent a tree, whoſe 
ength from the butt to the 
top is 12 feet, viz. from A 
to F 6 feet, and from F to 
I 6 feet; the quarter of the 
irt at the butt AB, and at 
D, is 1 foot 6 inches; at 
EF, the middle of the piece 
ro inches, at GH 8 inches 
and a half, and at IK 7 
| —_— ;nfpedt j 
e very inſpection of 
the figure, ſhews, that it 
would be very unjuſt to the 
feller, ſhould the girt be 
taken at EF, the middle of 
the piece ; and equally un- 
juſt to the buyer, if taken 
any where between the two 
knots at E and F. The 
| beſt way therefore is to con- 
fider the ſtick of timber as 
compoſed of two pieces, 
AEFB, and EIKF. By 
this means juſtice will be 
'8 done to both parties. Let 
| us, therefore, ſee how many 
ſolid feet of timber it will _| 
contain, when properly C : 
meaſurcd, = - 


1 


8. 
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or MEASURING. 
Firſt, for the butt or lower part AEFB. 
16 Quarter girt. 


Second, for the top p part, EIKF. 


5— 
6 Length. 


Butt 1 j———o 
"Top ——— 


16—2—0 | 
Had this piece of of timber been meaſured at once, its 
content would have been as follows : 
o——10 Quarter girt, 
0— 10 
8— 4 
132 Length. 
8—4— 0 
Content by two qdimenſions  16—2—0, 
Ditto when meaſured at once 8—4——0 
| 7--= lL0>—O 


Conſequently the ſeller would looſe 7 feet 10 inches 
of timber by meaſuring 1 it at once. 


Rutz V. 


When the | tree is crooked the length muſt not be 
taken by meaſuring either along the concave or convex 
fide: but as near as you can along the middle; for the 
length taken on the convex fide will be too great, and 
that meaſured on the concave too ſmall, 5 


EXAMPLE 
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EXAMPLE. 


Suppoſe a tree were to be meaſured, in the form of 
that in the figure below; the dimenſions of which are 
as follows: the + of the girt at AB and CD, 4 feet1 
inch; at EF, 2 feet 3 inches; at GH, 1 feot g inches ; 
at IK. 10 f inches, and that of the branch at / mz, 1 foot 
2 inches 1 twelfth: the length from B to F 7 feet, and 
from EF to IK, FE along the middle of the 
piece) 7 feet, and of m F 2 feet 1 inch. What will be 


the content, and what will it amount to at 1 ſhilling 
and g pence per foot? | 
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'This piece being ſo very different in its dimenſions, 
muſt be ſuppoſed to be cut aſunder in the line EF, 
and the content of each piece added together ; for that 
ſum will be the content of the piece. 


— 


| 
| 
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Solution by Croſs Multiplication. 
Firſt for the butt, or lowerend of the piece, 
| 4--1 Quarter — at CD. 
2 
4--1 
I6--4 
16--8--1 
7 Length. 
116--8--7 Content. 
Second, for the top, or upper part. 
1-9 Quarter girt at GH. 
1--9 


Third, for the content of the 3 Im E. 
| 1--2--1 Quarter girt. 
| <-> ine | 
- 12. 
N 2—4—2 
= - — 
eee 
21 Length. 
ea 
2--9--0--8--2 


2=10-=5--2-<6--I "Content. 


F. 1 
Content of the butt---116——8——7 | 
of the top---2 1——g—z | | 
of the branch 2---10—5 | 
Tor} 1 


141 


= —— — — — — — — ea RE —— —— — — x 


or MEASURING. „% 
141 Feet 1s. gd. per foot is 12--6--9 | 


Quarter or 3 twelfths of an inch is .- o 
| | F of 12—6—94 


Anſ. The content of the tree is 141 feet, o inches, 
3 parts, and the amount 121. 6s. 9d. 4. 
It may not, my dear Diſcipulus, be unneceſſary to 
obſerve, that it would be to the advantage of the ſeller 
actually to cut the tree aſunder in the line EF; becauſe | 
the butt, together with the limb, or branch, will form, | 
what the ſhipwrights call a knee, which, therefore, is 
more valuable than timber of the common form. This 8 
I have already told you, but thought proper to repeat | 
it, leſt it hould have flipt your memory. | 
Diſeip. I remember it very well, and was juſt go- 
ng to make the ſame remark. But at the ſame time | 
I ſhould be glad to know why this ſort of timber is ſo 
valuable. 3 . | | 
Philo. Its value, is, in a great meaſure, owing to its 
ſcarcity, there being few woods that abound in this 1 
kind of timber; nor is the neceſſary care taken to pro- | 
pagate it. : 
Diſcip. Is it poſſible to propagate this ſort of timber? 
Philo. It is: at leaſt, in ſome meaſure : we find, at 
preſent, upon heaths and other uncultivated places, a 
fe ſtraggling trees of oak. Theſe ſeldom grow tall or 
regular; they were not properly defended from the in- 
juries of cattle, and therefore browſed upon, and 
ſtunted while young, and thence become Crofods 
ſhort-trunked, or pollard-trees. They are however, 
of great uſe to ſhipwrights, and fetch a good price at 
the markets, | | | 
As theſe trees, though in this reſpect far more valu- 
able than tall ſtrait timber, are taken very little care of, 
it is to be feared they will ſoon be all deſtroyed; it is, 
therefore, a very uſeful attempt to diſcover a regular 
method of producing others of a ſimilar kind, and this 
may be eaſily done by following the ſame method 
which produced the former. They wholly owe their 
figure to the cattle's biting off their tops when young, 
and afterwards biting 4 the ſhoots from the firſt 
9 | | wound. 


wound. If, therefore, a number of young trees ſet 
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a part for the experiment, have their tops cut off at 
two, four, fix, eight, ten, or twelve feet from 
the ground; and four years after, the ſhoots of theſe 
ſtunted trees be again cut in the ſame manner, they 


will grow up in all the irregular crooked figures that 


can be imagined ; and, by purſuing this method, a ſupply 
of naturally crooked timber may be raiſed for the uſe of 
ſhipwrights with eaſe and certainty. | 

Diſcip. If I am not miſtaken, I have heard ſome 
meaturers mention the term meeting of a parcel of tim- 


ber; I ſhould be glad to know what they meant by that 


expreſſion ? | | 
Philo. In order to underſtand this term, which is al- 
molt peculiar to the large yards of ſhipwrights, it muſt 
be remembered, that large timber is of much greater 
value than ſmall. When, therefore, a quantity of tim- 
ber is properly meaſured, they add the content of the 
ſeveral pieces together, and call that total the meeting. 
This being done, they conſider what is the value of a 


foot of this lott of timber, one piece with another, and 


according to that value the whole quantity is ſold. 
Diſcip. Is this method juſt, both with regard to the 
buyer and ſeller ? - 
hila. No, certainly: a perſon not uſed to gueſs at 


the mean value of a parcel of timber, may be eaſily de- 


ceived by one of more experience. | | 
Diſcip. Is there then no certain method by which a 

perſon may know the value of timber ? | 
Philo. Doubtleſs there is: but a little experience is 


neceſſary, to know the worth of a ſingle piece of tim- 


ber. When this is known, let every tree be valued 
ſeparately, and the ſeveral reſults added into one total. 
By this means, the danger of being deceived is avoided, 
and the work : with very little more trouble 


than by the other method. 


SECT, 
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SECT. 11. 
Of the Menſuration of flanding Timber. 


Diſcip. Is it poſſible to meaſure timber while it is 
growing in the woods? | 

Phils. It may be done : but not without great trou- 
ble and fatigue, if accuracy be required. This, how- 
ever, is rarely the caſe, unleſs the price of a tree that 
ſtands by itſelf, or one that is of 3 value, be 
deſired: an eſtimate only being thought ſufficient for 
this purpoſe. | | 

Diſcip. How am I to proceed in finding the ſolid con- 
tent of a tree before it is cut down? | 

Phila. The only method of doing this is, to climb the 
tree, or get up it by means of a ladder; becauſe it 
will be nece to find the place where it meaſures 
only 24 inches in girt, after the proper allowance is 
made for the bark. Some authors, indeed, tell you, 
that it will be ſufficient to meaſure the girt of the 
tree at the middle height to which it runs timber. 
This would, indeed, be ſufficient, could the middle 
height be known : but as this cannot be diſcovered till 
the whole height be found, recourſe muſt be had ts 
the firſt method. When the place where the tree is 
no more than fix inches the fide of the ſquare is found, 
the height or length of that part of the tree is eaſily 
known by the help of a line, having a plummet faſ- 
tened to it, which you may caſily let fall till it touch 
the ground, and then by tying a knot in the line, 
where it touches the upper girting place, you may mea- 
ſure the length between the lower end of the plummet 
and the knot in the line after you have deſcended from 
the tree, and that will be the length required. When 
you have thus obtained the quarter girt at the top, and 
the length of the tree, you mult take the girt of the tree 
at the bottom, add the two ou together, (allowance 
being made for the bark) and take the half, which will 
de the mean girt, or ns” at the middle of the tree; 

| 2 


and 


— 


— — 0 ” — — 
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and conſequently the ſolidity may be eaſily found by 
the methods already laid down for computing the con- 
tent of tapering timber, x 

Diſcip. I can eafily conceive this method; but the 
difficulty conſiſts in putting it in practice. It will 
be both a tedious and a dangerous undertaking to mea- 
ſure the trees even in a ſmall wood, and almoſt im- 
practicable in a large one. | | 

Philo. You are very right, Diſcipulus ; and, there- 


fore, this method is rarely practiſed, An eſtimate is 


generally thought ſufficient; and this may be taken, 


with much leſs tgouble. 


Diſcip. W hat are the methods moſt proper to be taken 
in forming eſtimates of itanding timber ? 

Philo. Moſt of the metho.'s commonly practiſed r: 
quire the height of the tree, as far as it is timber, to be 
known; and, therefore, it will be neceſſary to ſhew _ 

ou, in the firſt place, how this height may be found. 


n order to this, it will be neceftaryxo explain a propo- 
fition or two relating toft1 il ir triangles. | 


Diſcip. What do you mean-by ſimilar triangles ? 

Phils. By ſimilar triangles is meant, two, or more 
triangles, which have the ſame angles, and, conſe- 
quently, their {i-es proportionable to one another. 

Thus the two triangles in the annexed figure ABC, 


and Abc, are fimilar. For the angle at A, is com- 


mon to both triangles, and the angle ABC is equal 


fo 
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to the angle Abc. Therefore, as Ac: AC: :be: BC. 
The fame proportion ſubſiſts between all the other parts 
of the two triangles. 
If, rr we can, by any method, meaſure the 
7 


lengths of the lines Ac, A C, and bc, we can find the 
length of the line B C, by calculation, without the 
trouble of actually meaſuring it. 


Exams. 


Suppoſe the line Ac be 23.5 feet, AC 58, and ö 
11.5, What will be the length of BC? 


SOLUTION. 
23.5 2 $3: : 11.5: 28.38 
| Fs. - 
920 
— 
23. 51667. 0128. 38 
42 
1970 
1880 
900 
20 
1950 ä 
1880 | * 
. * © 


Anf. 28.43 feet. 3 

Diſcip. This is a very eaſy method, and I can eafily 
perceive that BC may repreſent a tree, whoſe height is 
roquired ; but how ſhall I find the lengths of Ac, AC, 
2 ; and alſo know whether the two triangles are 
imilar ? 

Phils. The difficulties contained in theſe queſtions 
1 was juſt going to remove. In order to thi , it may be 
neceſſary to obſerve, that AC repreſents the ground, 
which may eaſily be meaſured; BC the height of any 
object, as a tree, &c. and bc, a ſtaff, of any known 

| E 3 ; length, 
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length, erected in a perpendicular poſition on the 
ground. Now it we can, by any method, find 
when the point A, the top of the ſtaff b, and the 
ome B, are in a right line, the problem may be eaſily 
O ue 


Diſcip. Thus far I underſtand the problem, and 


ſo 


{ 


17 


ſhould be glad to know how this grand difficulty may 
Plilo. I will eadeavour to give you ſatisfaction by 
deſcribing a plain inſtrument, eaſily procured, and as 
Iii is 0 80 
cher than a | I 
that uſed by f T F 
Carpenters, but | | 
gure ABC, in 
tie margin, will 
cient idea of it. — =! 
To this ſquare . h 
eg” ay oF. REES. | 
_ thoſe on the com- e 12 


be removed. 

eaſily applied to practice, 

ſquare made like 

larger The fi- | = | 
convey a ſuffi- 

belong, twovanes 

mon Guaunter's B 


quadrant. The object vane FE is to be fixed in a hole 


made in the middle of the perpendicular limb of the 
ſquare at C; and the fight vane e muſt ſlide, by means 
of a braſs collet on the horizontal limb Aa. To one 
of the ſides of each of theſe vanes is fixed a ſmall piece 
of braſs, having a little hole at the extremity, ſufficient 
for a ſilk ee. to paſs. The thread is ſixed in the 
hole of the braſs piece belonging to the object vane d, 
and inſerted thro” the hole in the other. On the per- 
pendicular limb a line and plummet bc, is hung from a 

in at c, in order to keep it ina perpendicular ſituation, 

y the help of this ſimple inftrument, the height of a 
tree, or any other object may be found in the follow- 
ing manner: | | 


_ Suppoſe 
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Su * it were required to find the height of the 


tree | 

Erect your ſtaff B E in ſome convenient place where 
the ground is level; fix your ſquare bc upon your ſtaff, 
in a perpendicular direction, by means of the'plumb- 
line. This being done, and the ſtaff firmly fixed in 
the ground, apply your eye to the ſight-vane c, ſliding it 
forward and backward, till you perceive the hair in the 
object vane at 2 cut the tree in point D. Fix the vane 
in that place, and extend the ſilk thread till it cuts the 
ground as at A. Meaſure, very accurately, the length 
of the line AB, AC, and the height of the ſtaff, &c. 
Be, Then it will be as AB: B.:: AC; CD. 


EXAMPLE. 


Suppoſe the line AB the diſtance between the center 
of the flaff and the place where the ſilk thread touched 
the ground) be 3 the height of the ſtaff, 


4 = Be 


| 
| 
| 
| 
| 


the tree CD? 


mate near enough to anſwer the intended purpoſe ? 
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Be 26.5, and the line AC (the diftance between the 
point where the filk thread touched the ground, and 
the foot of the tree) be 31 feet: what is the height of 


OrER ATION. 


"As 25.6 * 26-5: 51: 52.79. 
51 
205 
3 
25.0135 1.515 2.79 
280 


Ard. 52.79 feet, or 52 feet g inches nearly. 

From this operation you may obſerve, that if the 
height of the ſtaff had been equal to the diſtance AB, 
the height of the object would have been equal to the 
diſtance AC. And as this point may be found by a 
few trials, you may, when you pleaſe, make uſe of this 


method. 


Having thus found the height of the tree, you muſt 


| aſcend the tree to the height of about 26 feet, and there 


take the girt of it; whence the folid content of it 
re eaſily found, by the mcthod and rules already laid 
own. — 

Diſcip. You have indeed entirely removed the diffi- 
culty ; but I {till think the meaſuring ſtanding timber 
& very tedious and troubleſome taſk. Is there no me- 
thod of ſhortening the work, and yet forming an eſti- 


 Þbib, 
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Phils The work may be greatly ſhortened in woods, 
where the trees are, in general, tall and ſtrait, and taper 
equally from the bottom to the top. For if you find 
the herght of one, you may gueſs at the reſt, as they 
will be nearly proportional to the fquares of their dia- 
meters. | 

The heights, and alſo the contents, EAR 
of ſuch tapering trees may be found MN 
by girting the tree at the bottom, ad- 
ding to it 24 inches, the limit for tim- | 
ber, and taking the half of that ſum | 
for the true girt; for this will fall near MW 
the middle of the tree. When, there- "al 
fore, this middle girt 1s found, and you 4 
- aicend the tree, till you find the cir- 
cumference equal to it; you may con- 
clude, that you are near the middle of | 
the tree. The figure in the margin will C 
give you an adequate idea of this ; 
where ACEFDB, reprefents the body 
of a tapering tree; the quarter of the 
girt at the butt AB is nine inches, and 
at the top EF, fix inches. The ſum 
of theſe two is 15 inches, whoſe half is 
7.5; the quarter of the girt at CD. 
And this will always be the caſe in 
trees, that taper regularly from the 
bottom to the top. 

If the heights are nearly the ſame, a | 
very good eſtimate may be made by A 
only taking the girt at the bottom, ad- 
ding 24 inches to it, and taking the half of that ſum as 
the true girt ; for the ſquare of one quarter of this girxt 
multiplied by the length of a familar tree, found by 

tic method already laid down, will give the content. 
If the trees be of an unequal height but equally ta- 
pering, you may tind the length near enough for prac- 
tice by this proportion: as che girt at the bottom of 
ene tree is to its length; ſo is the girt at the bottom 
o another to its length. | 


* . 0 In 


—— — U —E——E— — a 
K — — X 5 
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In this manner yon may proceed to form an eſtimate 


of the whole content, and conſequently the value 
of any number of trees that taper equally. When 


| __ do not taper equally, recourſe muſt be had to ac. 


tual menſuration by ſome of the methods already laid 
down; for the above proportion will not hold good in 
thele caſes. | 


CHAP. IM. 
Of meaſuring the tonnage of ſhips ; or finding how much 


a ſhip will carry, 


Diſeip. FS it not very difficult to find the tonnage of 
b 1 a ſhip? for if I am not greatly miſtaken, 

her hold is a very irregular figure. "I 

Phils. You are very right Diſcipulus ; it would af- 


ford conſiderable employment for an able mathema- 


tician to folve the queſtion accurately; but the prac- 
tical method uſed by ſhipwrights is very eaſy and 
conciſe, : - 5 
Diſcip. Is it euſtomary for ſhipwrights to find the 
tonnage of ſhips ? | Eo | : 
Philo. It is: They generally undertake the build- 


ing of them at ſo much per ton; and therefore it be- 


comes abſolutely neceſſary for them to find the ton- 


nage, 

Diſcs. What is the method they uſe. I. 
Philo. Their method is this: they meaſure the length 
of the keel, the extreme breadth of the ſhip within- 
board, along the midſhip beam, and the depth of the 


hold from the plank joining the keelſon upwards to 


the main-deck at the midſhip beam. Theſe dimen- 


| ions being taken, the tonnage is found by the fol- 


lowing. . 


RuLE. 


Multiply the length of the kcel by the extreme 
breadth, and that product by the depth; the laſt pro- 


duct divided by 95 will give the burden in tons. 


EXAMPLE 
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ExAM LE I. 
Suppoſe the length of a ſhip's keel be 60 feet; the 


extreme breadth zo feet; and the depth 20 feet; what 
is her burthen or tonnage ? | 


OPERATION. 


951360037. 894 
285 


— — 


Anſ. 37. 894, or 38 tons nearly. 


EXAMPLE II. 


A captain contracts with a ſhipwright for buildin 
a ſhip of the following dimenſions: the length al 
the keel is to be 112 feet 6 inches, the extreme breadth 

bo feet 3 inches, and the depth 5o feet 9 inches: What 
will be the value of the ſhip at 5/. 106. per ton ? 
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| | | 112.5 | 
[| | 60.25 | 
1 5625 | 
1 8 5 2250 
bi _ 67500 __ 
| 6778.125 
| þ | ——— 2 
5 33890625 
Fl 47440875 
! 3389062 
4 951343989. 8437513620.94972 Tons. 
| | 2 5 © „% % & 6 „ 
- 589 
1 570 


1 
| 434 
i 380 
| 543 
if 475 

| | 66 

8 © 225 

| _*190 

x Ws 

1 362094572 
0 8 5.5 Price per ton. 
| 7 1810472860 
ö 1810472860 
| 1991.201460 


q 
' 
$ 
10 
1 
: 
= 1 
ih 
s it 
FH 
* 


Anſ The 2 is 3620. 34572 tons, and the amount 
100 5 45. 04 | 
Diſcip. 
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* Is this method true, and the reſult accurate 
and quit! 3 . 

Phils. It is not: the ſolid content in feet, reſulting 
from multiplying the length, breadth, and depth toge- 
ther, is much too large: but being divided by a num- 
ber alſo much too large, the quotient, which gives the 
tonnage of the ſhip, is tolerably near the truth, 
 Dijcip. That is, if I undeiftand you right, one er- 
ror is corrected by another. Would it not then be 
better to form another rule from undoubted principles 
that would give the ſame reſult without having receurfi 
to error? | 

Phils. Certainly it would: But this is impoſſible ; 
there can no general rule be formed, that may be ap- 

lied to ſhips in general. Nor can the hold of a ſhip 
be meaſured but by piece-meal, and even the ſolid 
content of ſeveral of thefe parts can only be found by 
approximation. 

Diſcip. Why can no general rule be formed for find- 
ing the tonnage of all kinds of ſhips ? 

Philo. Becauſe the curves, which form the bottoms 
of ſhips, are, at once, very irregular, and very different. 
Conſequently, two ſhips may be of the ſame dimen- 
ſions, with regard to length, breadth, and depth, 
2 yet onc of them carry many more tons than the 
other. | 

Diſcip. J am greatly obliged to you, Sir, for this 
ES but you ſaid, that the reſult of the 
length, breadth, and depth, multiplied into one another, 
gave the ſolid content in feet, much too large; and 
that, by dividing the laſt product by a number alfo 
much too large, the error was, in ſome meafure, cor- 
rected, I ſhould be glad if you would be a little more 
explicit with regard to theſe affertions; for though 
you have convinced me that it rs impoffible to form 
any general rule that will give the true ſolid content of 
ſhips holds in general, yet JI ſhould be glad to know 
whence theſe errors ariſe, and why they, in fome mea- 
fure, correct each other. 

Philo. Your curioſtty is highly laudable, and I will 
endeavour to give you all the fatisfaction in my is 

2 n 


keel. But if GH ² | 


the ſolidity found f 
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In order to this, 8 A 3 
let the curve ſu- x: : — 

rficies ABC DE | 8 
F. repreſent the C-. — 


0 
2 4 


deck of a ſhip; 
then will CB be | 
the extreme T9, | 
breadth, AE the | 5 
length, and GH | WES. 

the length of the ; 


be multiplied by 
CB, you will 
have the area of 
the parallelogram 
ef, ;nflead of 
the area of the 
curve ſuperficies. 
Thedifferencewill 
be ſtill greater with 
regard to depth, 
becauſe the bot- 
tom of a ſhip is 
entirely formed of 
curve lines; but 


by the laſt multi- 
plication is that 


of aparallelopiped, H 
in which the en- ; Si 
tire hold of the = Wl | 


ſhip, ſuppoſing it. 
every where equal in breadth with the deck, is con- 
tained ; conſequently the ſolidity reſulting from the 


length, breadth, and depth into one another is much 
greater than that of the hold of a ſhip. 

But this ſolidity is divided by 95, which greatly re- 
duces the quantity of tonnage. You will 


be eaſily 


convinced of this when you are informed that it has 
been found by a variety of experiments, that a cubic 
foot of rain water weighs 62.5 pounds. If therefore 

ds 2240 


„ A Hb. ein Fd £2. Ky 
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2240(=112X20) the number of pounds in a ton, be 
divided by 62.5, we ſhall have 35.8 for a divifor, by 
which the content found above, ſuppoſing it right, | 
ſhould have been divided. But 95, the common divi- | 
ſor, is conſiderably more than double 35.8. Conſe- 

quently, more than half the content is allowed for the 
x — between the form of a ſhip's hold, and that 
of a parallelopiped. „ 

Diſcip. But will this diviſor balance the former er- | 
ror ; and can there be any reaſon given why the num- | 
ber 95 was prom upon, rather than any other ? | 

Philo. The diviſor is not ſufficient to balance the 
error ; nor can there be any reaſon given why the | 
number 95 was choſen; it was, probably, introduced 
at a time when the mathematical ſciences were little 
cultivated, and the principles of Hydroftatics hard! 
known ; and will, in all probability, be continued till 
ſome more exact number be found out and eſta- 

 bliſhed by authority. But though I can give you no 
ſatisfaction with regard to the latter part of your queſ- 
tion, I will point out a method by which the weight 
any ſhip, bark, or boat can conveniently carry, may be 
eſtimated very near the truth. | 

Diſcip. I ſhall eſteem it a very particular favour, as 
the ſubject is curious, and may, perhaps, be uſeful]. 

Philo. It is, undoubtedly, a curious enquiry, and, - 
therefore, merits attention, even though it ſhould never 
be practiſed. 2 

t is evident, by the laws of Hydroſtatics, that the 
was of a floating body is equal to as much water as 
is diſplaced by it; conſequently, an entire ſhip with 
all her loading, &c. is _ to as much water as will 
form a ſolid in all reſpects fimilar to that part of the 

ſhip, which is below its ſurface; or ta that bulk of 
water that is diſplaced by the ſhip. | 

Hence it is evident, that the difference between 
the bulks of water, diſplaced by the ſhip when light 
and when loaded, will be the true tonnage of the ſhip. 
In order to diſcover what this bulk of water is, 
let the line, formed by the ſurface of the water when 

the ſhip is light, be marked on the head and ſtern: and 


allo, 


1— - — —— —— - — — — — =_ = — a = — 
— — —— ——— v— —— — —— — ́—FEä—— — — — — — OE Ap. re. Ge 
4 i 
4 
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let the curve ſu- 


plication 1s that 
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In order to this, A 1 3 


rficies ABCD E 3 | G | 
, repreſent the ag N 
deck of a ſhip; 
then will CB be 
the extreme 
breadth, AE the 
length, and GH 
the length of the 
keel. Butif GH 
be multiplied by 
CB, you will 
have the area of 
the parallelogram 
ef, :nftead of 
the area of the 
curve ſuperficies. 
Thedifferencewill 
be ſtill greater with 
regard to depth, 
becauſe the bot- 
tom of a ſhip is 
entirely formed of 
curve lines; but 
the ſolidity found 
by the laſt multi- 


„ . „ „ee een 0s 7 


1K 


of aparallelopiped, 
in which the en- 
tire hold of the 
ſhip, ſuppoſing it 5 | 

every where equal in breadth with the deck, is con- 
tained ; conſequently the ſolidity reſulting from the 
length, breadth, and depth into one another is much 


greater than that of the hold of a ſhip. 


But this ſolidity is divided by 95, which greatly re- 
duces the quantity of tonnage. You will be ezfily 


convinced of this when you are informed that it has 
been found by a variety of experiments, that a cubic 
foot of rain water weighs 62.5 pounds. If therefore 


2240 


664m ] 
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2240(=112X20) the number of pounds in a ton, be 
divided by 62.5, we ſhall have 35.8 for a diviſor, by 
which the content found above, ſuppoſing it right, 
ſhould have been divided. But 95, the common divi- 
ſor, is conſiderably more than double 35.8. Conſe- 

uently, more than half the content is allowed for the 
Erenca between the form of a ſhip's hold, and that 
of a parallelopiped. | 

Diſcip. But will this diviſor balance the former er- 
ror ; and can there be any reaſon given why the num- 
ber 95 was 2 upon, rather than any other? 

Philo. The diviſor is not ſufficient to balance the 
error; nor can there be any reaſon given why the 
number 95 was choſen ; it was, probably, introduced 
at a time when the mathematical ſciences were little 
cultivated, and the principles of Hydroſtatics hardly 
known ; and will, in all probability, be continued till 
ſome more exact number be found out and eſta- 
bliſhed by authority, But though I can give you no 
ſatisfaction with regard to the latter part of your queſ- 
tion, I will point out a method by which the weight 
any ſhip, bark, or boat can conveniently carry, may be 
eſtimated very near the truth. e 


Diſcip. I ſhall efteem it a very particular favour, as 


the ſubject is curious, and may, perhaps, be uſeful. 
Philo. It is, undoubtedly, a curious enquiry, and, 


therefore, merits attention, even though it ſhould never 
be practiſed. | 


It is evident, by the laws of Hydroſtatics, that the 


2 of a floating body is equal to as much water as 
is diſplaced by it; conſequently, an entire ſhip with 


all her loading, &c. is equal to as much water as will 


form a ſolid in all reſpects ſimilar to that part of the 
ſhip, which is below its ſurface; or ta that bulk of 
water that is diſplaced by the ſhip. : | 
Hence it is evident, that the difference between 
the bulks of water, diſplaced by the ſhip when light 


and when loaded, will be the true tonnage of the ſhip. 


In order to diſcover what this bulk of water is, 
let the line, formed by the ſurface of the water when 


the ſhip is light, be marked on the head and ftern : and 


alſo, 
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alſo, another when ſhe is ſufficiently laden. This 
being done, let a parallelopiped be formed propor- 
tional in length to that of the ſhip's keel; in breadth, 
to that of the extreme breadth of the ſhip; and in 
depth, to that of the deep load mark. Find exact- 
ly the folid content of this parallelopiped, and alſo 
weigh it accurately in a balance. Fafhion the paralle- 
lopiped as nearly as poſſible into the form of the ſhip's 
bottom from the kee] to the deep load-mark, and 
weigh it again very carefully, When this is per- 
formed, the following proportion will folve one part 
of the queſtion. As the firſt weight of the paralle- 
lopiped is to its content; fo is the weight of it after 
being faſhioned to its content. This reſult, divided 
by 35.8, the number of ſolid feet contained in one 
ton of water, will give the tonnage of the fhip, in- 
cluding the weight of her hul}, &c. Fn 


'ExanyLEY. 


Suppoſe the parallelopiped, meaſured on a ſcale pro- 
portioned to the experiment, be 168.5 feet in length, 
48 feet in breadth, 20 feet in depth, and that it weighs 
40 pounds 13 ounces: but when formed into a model 
of the ſhip, it weighs only zo pounds 3 ounces : what 
is her burden? | 


Opin a 


or MEASURING. 


OPERATION. 


168.5 Length. 
48 Breath. 


101760. Content, 
Ib oz 
23. -:- naps : 0 35: 
16 - "any 16 
485280 483 
647040 
65378 1300801 19647. 9 


I 19647 9 


— 
* 
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Anſ. 3342.12 tons; or 3342 tons, 2 hundred and 4; 


pounds nearly. 


Let us now compute the weight of the hull of a ſhip, 
with her riggINg, ſails, &c. that is the weight that ſinks 
her to her light draught of water. 


In order to this, let another parallelopiped be pro- 


cured, whoſe length is proportional to that of the ſhip 


at the light draught of water, its breadth proportional 
to her breadth there, and its depth proportional to the 
ſhip's depth from that line to her keelſon. Weigh the 
parallelopiped very accurately, and form it into the 
model of the ſhip's bottom. This being done, weigh 
the piece again with the ſame degree of accuracy ; 


and the above proportion will give the content in feet, 


and being divided by 35.8, the tons required. 


EXAMPLE. 


Suppoſe the dimenſions of the above ſhip be theſe: 
length 163.7; ; breadth 47, and depth 12.75 feet. Let 
alſo the wel 34 when rough, be 27 pounds, 6 ounces; 
and when faſhioned, 18 pounds, 8 ounces ; and let the 
tonnage be required, | | 1 gn 


OrkRA- 


ef MEASURING. 


OPERATION, 
163.75 Length. 

47 Breadth. 
114625 
65500 


Ib oz | WR TO 


As 27—6 : 9g8127.1875 :: 18—$ : 66314.6 


16 1 296 16 - 
5887631250 116 
8831446875 | Ho 


433 _1962543750 _ 299 
433j29045647-5000l 
; 2 2 e 3 


35 
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35.8/66314.26|1352.35 
1 | 


Anſ. 182.35 tons. 


From the tons ne ceſſary to ſink the ſhip to 7 
her deep load mark. 3 | | 3342.12 
'Take the weight of the hull, &c. 1852-35 


Remains of the tons of loading the ſhip 
will carry, | | | 
Diſcip. This ſeems a far more accurate method than 


the former, for finding the burthen of a ſhip : but is 
it not difficult to ſhape the parallelopiped into the model 


of the ſhip? 
Phil. fe certainly is: and accordingly is hardly 
ever put in practice. I only mentioned it as a curious 
experiment, which might be uſed if the practitioner 
thought proper. RK 
Diſcip. But is this at all applicable to ſhipwrights ? 
can they meaſure their veſſels by this method? 
Ppilo. Certainly : provided the parallelopiped could 


be truly formed: But as this would require the ut- 


moſt accuracy, it is never attempted. 


CHAP. 


; 1489.77 


of MEASURING. 


C19 A ©. IF. 
Of meaſuring Sawyer*s IWark. 


Diſcip. JS there 1 thing particular in meaſuring 
Sawyer's Work ? : 

Philo. There is, if you follow what is generally 
called Sawyers Meaiur= : They take the diameter of 
the piece that is to be cut into boards, and multiply 
that diameter into the length, which gives the ſuperfi- 
cial content ; this reſult they multiply by the num- 
ber of cuts, and conſider the product as the true con- 
tent of their work, which they are generally paid for 
by the hundred feet. f SH. 

Diſcip. This muſt certainly be unjuſt ; becauſe nei- 
ther of the cuts can be fo broad, as that which goes 
through the center of the tree. . | 

Philo. You are | 


| b A. 
extremely right; C 
and in 4 5 to D — mn 
demonſtrate the ä | BE 
error reſulting = 5 
from this me- * oa ad 


5 

thod of meaſur- 1 SA 
ing,lhavedrawn 4 
the figure placed | 
in the margin, | | | 
where AA 1s the T 
cut whereby the 
whole is mea- | 1.41 
ſured accordin _ Rn A 
to the method | 
3 ſawyers; c | 
and for which % 0 
22 paid at 2 | 

ondon 3s. per 
pn Nas ſuperficial meaſure, if the timber be 
90ak. 1 

| If 
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If AA be 1 foot, then will 5b, be 11.75 inches, cc 
11.5, DD 10.75, ee 9, and ff7 inches. From theſe 
dimenſions let us ſce what will be the difference be- 
tween the ſuperficial content of the ſeveral cuts when 
meaſured truly, and when the reſult is found accord- 
ing to the practical method. 8 | 


EXAMPLE. 


Suppoſe a piece of timber 15 feet long, and 1 foot in 
diameter, were to be cut into 1o boards and 2 ſlabs, all 
of an equal thickneſs, and the lengths of the cuts as 
mentioned above; what will be the ſuperficial content 
of the whole, meaſured by the ſawyers method, and 
what will be loſt by ſubſtituting that rule inſtead of the 


OPERATION. 


I. By Sawyers meaſure. 
15 Length. 
x Cut. - 


i | 
— Number of cuts. 
4 165 Content. 
II. By the true method. 
Middle cutt, or AA. 
| Rm 
I 


IT Content in feet. 
Second cut, or bb. 


176.25 5 
2 Number of equal cuts. 
352. 50 Content in inches. 


——̃ — 


Third 
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Third cut, or cc. 
11.5 


17.25 
2 Number of canal cuts. 


345-0 Content. 
Fourth cut, or DD. 
10. 75 


— 

oO wn 

RJ a 

wh 
wa 


161.25 | 
2 Nember of equal cuts. 
322.50 Content. 
Fifth cut, or ee. 
8 
9 


— — 


135 
Number of equal cuts. 


270 270 Content. 
Tixth cut, or * 7. 
15 
Re” 
105 
2 Number of equal cuts: 
"210 Content. 


Cantent 


, 
* 
bl 
: 

: 
z 


284 Tue WHOLE ART 
Content of the 2d cuts — 352.5 

za ditto — 345 
4th ditto — 322.5 

5th ditto — 270 

Gth ditto — 210 

1211500 0,125 

12 2 © © 


24 
60 
55 60 
Content of 2, 3, 4, 5, 6 cuts 125 
| of the middle cut 15 | 
| 140 Cont. ofthewhole 
By Sawyers meaſure 165 
By the true method 44 
Difference 25 8 
Anſ. The content by ſawyers meaſure is 165 feet, 
and the loſs by uſing that method is 25 feet. | 
Diſcip. Might not a multiplicator be found, which 
would give the true content by a ſingle operation ? 
Phils. Undoubtedly : and you have nothing more to 
do than to add the depth of the ſeveral cuts tagether, 


and multiply that ſum by the length, for the product 
will give the content required, f 


AA 
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I. 
AA 12 
Y 2 — 23.5; 
ce x2 — 23. 


DD x2 — 21.5 
c eN2 — 18 
Fj X2 — 14 
Sum 112 
Length 15 


9 O 
Anſ. 140 feet, the fame as before.  _ 

I intended to have ſolved the queſtion in this man- 
ner, tho' you had not requeſted it; for you muſt have 


obſerved, that in the whole cou:ſe of my inſtructions. 


[ have folved all the queſtions in the plaineſt man- 


ner, in order to avoid a fault too common in writers 


on theſe ſubjects, who, by endeavouring to deliver their 
ſolutions in a neat and conciſe manner, give the 
learner an infinite deal of trouble. I have, there- 
fore, given my ſolutions in the plaineſt, though often 
not in the conciſeſt manner. I am willing to ſacrifice 
brevity to perſpicuity ; aud fhall think myſelf happy 


if my Pupils thoroughly underſtand my precepts ; 


contractions and conciſe methods of folving the ſame 
. queſtion will readily occur, when a perſon thoroughly 
underſtands the reaſons on which each rule is founded. 
Diſcip. I am abundantly convinced of the truth of 
your obſervation ; but I intended to aſx, whether any 
one of the cuts, multiplied by the length, would give 
the.true content; or whether a mean multiplicator 
might be found, which would folve the queſtion. 


Q "+: 


b 


* 
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Phils, It is not impoffible, but very tedious ts 
find a common multiplicator: an inſpection of the 
figure will ſufficiently inform you, that the depths of 
the cuts do not decreaſe in arithmetical progreffion ; 
for the difference between the depths of the cuts DD, 
and AA, is much leſs than that between ff and DD; 
notwithſtanding there are two intermediate cuts be- 
tween the former, and one only between the latter. 
That is, the length of the line 51, intercepted between 
the dotted lines DHD and fi g, is much greater than 
Ah. In fact, the cuts are chords of a circle, and fe- 


parate parts of an unequal number of degrees. For 


the limb of the circle fe, intercepted between the cuts 
or chords ff, ee, is much greater than b A, intercepted 
between bb, and AA; notwithſtanding they are at 
equal diſtances, with regard to the diameter, 

But though an accurate multiplicator cannot be 
readily 7 yet if the mean cut, or that at equal 


_ diſtances between the greateſt and leaft cut, be taken, 
and the length be multiplied by it, and that product mul- 


tiplied by the number of cuts, the reſult will be much 
nearer the truth than that found by Sawyers medſure ; 
and the content found by this mean cut is what is 
called market meaſure. Let us fee what will be the 


content of the above timber by this method. 


10.75 
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161,25 | © 
11 Number of cuts. 
121 


1773.751147.81 Content. 
12 os „„ 6 


5 ON 

The content found by this method is 7.81, or al- 
moſt 8 feet too much ; but 17.19 feet leſs than that 
found by Sawyers meaſure, and conſequently nearer 
the truth by tnat quantity. | 
Diiſcip. Is it not ſurpriſing, that ſoerroneous a method 
ſhould prevail in London, where there are ſuch num- 
bers af perſens both able and willing to correct it; 
eſpecially as another method is both knqwn and prac- 
tiſed elſewhere ? . 

Philo. It is certainly ſtrange ; but ignorance has in- 
troduced, and cuſtom eſtabliſned many errors, and 
even abſurdities, which, it is to be feared, will not 
ſoon be eradicated. I will give you another inſtance of 
this kind. | : | 

The ſawyers at London have, by cuſtom, as much 
per load, one piece with another, for breaking down, 
or cutting a piece of timber, into large ſcantlings, 
as =P have for breaking down, or cutting it into 
ſmall ſcantlings. That is, they will cut a piece cf 
timber a foot ſquare, of any length, into two ſcant- 
lings of 12 inches by 6; or into 4 ſcantlings of 6 
„ e mches 
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inches by 6; or into 12 ſeantlings of 4 inches by z, 
all at the fame price. | 

Diſcip. I his is really aſtonithing ! can they give 
any reaton for ſo abſurd a practice? | 

Philo. They have, what they call a reaſon, for this 
prepoſterous method; it is this; They ſay, that where 
the timber proves fine it is ſeldom, perhaps never, the 
intereſt of the owner, to have it cut into ſmall ſcant- 
lings. This reaſon is ſufficient to continue the 
practice, though they conſtantly fee inſtances to the 


contrary, and are often obliged to work for whole days 
_ athalf price. Ls 


CHART Y. 


Of finding the cantent of goods for loading of ſbi ps, and 
5 which pay Fels by 22 or — feet. * 


N order to eſtimate the freight of goods, it will be 
I neceſſary to take the dimenſions of the ſeveral 
caſes, bales, truſſes, caſks, &c. in a very accurate 
manner. The ſhip's meaſurer is generally very care- 
ful, tor otherwiſe he will loſe a conſiderable part of 
the freight. In order to this, the particulars ſhould 
be attentively examined, and it of any irregular figure, 
the dimenſions mult be taken, in the largett parts, and 
paid for according to that reſult, | 


ends; the caſe muit be 
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The figure in the 
marginwill more clear- 
ly explain this remark, 
ABDFEC repreſents 
the plan of a caſe fil- 
led with goods, for 
which a certain price 
for every ſolid foot is 
to be paid as freight, 
But in meaſuring this, 
no regard 1s to be paid 
to the two circular 


conſidered as a parale- 
lopiped, and conſe— 
_ quently its baſe as a 

— that 
is, the baſe as equal 
to abed; and the area el | j 
found by multip'ying HA 
ac=AF into cd=ab; ; e 
the lame muſt be 5 1 2 
ſerved with regard to 
its height. 

Diſc 45 But is not this 8 of proceeding very 
—_— ny ſhould any more than the real content be 
paid for ? 

Philo. Becauſe no goods of any ad uence can be 
ſtowed in the vacant places aA B, AbC, De F, and 
EdF. They are loft to the captain of the ſhip, un- 
leſs paid for by the owner of the goods. 

Diſcip. Are all goods meaſurcd and paid for | in this 
manner ? 


Qz Phila 


42 . 


| figure in the 


the body of a 
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 Phih.. Yes; 

even largeſtills RR OS 6 
are notexcept- N 

ed, tho' the 
Vacancies are 
much greater 
than in bales, e 
caſks, &c. The e e 


„%%% % % 4 


3 1 
„„ % „% „% „„ „„ 6 „6 e 
7 „ 
: - 


margin will ;j|K&<=x 
be ſufficient to | 

ew you the 
method uſed in 
theſe caſes: ab 
cef,repreſents 


6 
- - as 


itill, ſuppoſed 8 
tobe conſigned e 

to a perſon a- b . 
broad, and to "a, 

be meaſured, ; HY 
taat the freight may be aſcertained. In order to this, 
the ſhip's meaſurer takes the greateſt diameter, as at 
fc d. He even meaſures round the nails, if there 
are any in the place where the greateſt diameter is 
ſound. This diameter is conſidered as the fide of a 
ſquare, and multiplied by itſelf, which gives tne ſuper- 
ficial area of the baſe, that the bottom of the itil] is ſup- 


poſed to take up in the ſhip's hold; and this area mul- 


tiplicd by the greateſt height as A C=B D, gives what 
is called the ſolid content. wr this means all the va- 
cancics, as Ade, b Bf, &c. beſides thoſe at the bottom, 
are taken in, and the whole paid for, as if it were a bale 


of cloth, &c, inthe form of a parallelopiped, of the above 


_ dimenſions. 


dimenſions. 
The figure in 
the margin re- 
preſents a ho- 
rizontal Sec- 
tion or plan 
of the bottom 
of the ſtill, 
where E F, 4 
the diameter of 


the circle and 


equal to CD, 
is conſidered 


as the fide of 


the ſquare A 
BCD. Let 
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| | 
E 8 (of 
1 
. | 
6 . — 


us ſee what will be the content of this gin, meaſured 
. to the above method. 


E x A MPI E. 


Suppoſe CD 6.8 feet, BD: (in the firſt Ggure) 8 8. 5 | 
* let it- — to find Al content, : 


OPERATION. 
— 3 
6.8 
$44: 
403 _ 
49.24 
* 
23120 
20992 | 


_Dikip. I imagine, Sir, you have omitted a very ma- 
terial circumſtance: I he body of the ſtill is not ſolid; 
ſhould not that particular be conſidered in the n. he 


Turation ?- 


Q4 Phil. 


| een er — re ee — —„— wy 
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Phi, It certainly ought to be conſidered, were the 
true ſolidity of the ſtill required; but the caſe is very 
t1trerent here; the queſtion is, how much room it 
will take up in a ſhip's hold. And the ſhip's mea- 
turers are fo very indifferent with regard to its being 
iolid or not, that th.: perſon who ſends the fill is at 
liberty to fi] it with corn, or any other goods he 


pleaſes, without any additional expence, with regard 
to freight. | | 


VV 
Of meaſurins C:rd-word. 


Diſcip. V HAT do you mcan by cord- wood? 


Phils. By cord-wood is meant pieces 
of wood of different ſizes, but generally pretty large, 
cut of the ſame length, and piled up very careful'y, 
in _ to be meaſured, and afterwards fold by the 
cord. | | | 


7 4 What do you mean by a cord of wood? 

Phils. A cord of wood is a pile of the above pieces: 
but the dimenfions of this * 1 are different, in dif- 
ferent parts of England. What is called a ſtatute 
cord is a pile eight feet long, four feet broad, and 
four fcet high; and, conſequently, its content is 
128 feet; for 8X4X4=128. This ſort of cord is uſed 


in molt of the northern counties of England; but in 


Suſtex, and moſt of the ſouthern counties, a pile of 
wood 3 feet high, 3 feet wide, and 14 feet long, is cal- 
led a cord. The content of this is 2 feet leſs than 
that of the other, for 14 x3 x3=126. | 

Diſcip. Are all the piles of theſe dimenſions : and 
what methods are takew to make them fo ? = 

Phils. They are not all of theſe dimenſions ; for 
if they were, there would be no occaſion to meaſure 
them. The labourers make their piles larger or 
ſmaller, according as the quantity of wood is greater 
or leſſer. All they take care of is to cut the pieces 
all of the ſame length, or nearly fo, and to pile them 


up 
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up ina very regular manner. Accordingly, they pile 
the pieces up in ſo cloſe a manner, that the vacuities 
between them are very {mall ; and to ſupport the pile 
in a perpendicular fituation, they drive four ſtakes in- 
to the ground, and faſten the tops of them with cords, 
The figure in the margin will ſufficiently explain this; 
where AE is apile of wood ſupported in a perpendicu- 
lar ſituation by the four ſtakes C D B F, faſtened toge- 


ther by the cords CB, DF. 
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All the wood that has been felled for that purpoſe 
being thus formed into piles, the next thing is to have 
it meaſured for ſale. In order to which the dimen- 
ſions of each pile are taken very accurately, and the 
content found by the following | 


i RU LE. 

Multiply the length by the breadth, and that pro- 
duct by the height : the reſult divided by 123 (or the 
content of a cord} will give the content required. 

Suppoſe a ſtack of wood, piled up in the above man- 
ner, be 25 feet long, 18.56 wide, and 5.5 feet high; 
7 | how 
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how many cords of wood does it contain, reckoning 


128 feet to the cord? 


OPERATION. 
13.66 Breadth. 


12802565. 7520.04 
25 2 0 * 


Anf. 20.04 cords. 


ExAMTI I II. 
Suppoſe a ſtack of wood be zo feet 6 inches long, 
20 feet 3 inches broad, and 4 feet 9 inches high; how _ 


many cords does it contain; reckoning 126 feet to the 
cord TS | 


Op ER A- 


or ME ASURING, 
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2470500 — 


252 


Anſ. — Tomerhing more than 23 


cords and one quarter, 
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C1 4A F. VIE 
Of meaſuring Marle pits. 


Diſcip. T* it cuſtomary to meaſure marle pits ? 


Phila, In many counties of England, as 


Lancaſhire, &c. where marle is found in great plenty, 
it is: and becauſe I would not have you ignorant of 
any part of m*nſuration, I imagined it might not be 


improper to explain the method of proceeding in ſuch 


caſes. | 

Marle is known to be an excellent manure, and ac- 
cordingly is uſed with great ſucceſs by the Farmers in 
every county where it is found. In Lancaſhire, where 
this practice is general, they pay about twenty ſhillings 
a rod for digging and ſpreading the marle on the ſur- 


face of the land: but the rod in that county is 8. 
yards, or 24 feet, which is 7.5 feet greater than the 


ſtatute rod + Conſequently, 64 cubic yards, or 1728 
cubic feet is 2 rod of marle in that county. When the 
vwor': is finiſhed, the pit is meaſured, and the marlers 
paid Tor the quantity taken out of it. The menſura- 
tion is performed in the following manner, | 
They firſt meaſure the ſurface of the pit, and plot it, 
that is, draw the form of it upon paper, and divide the 


plot into trapeziums and triangles, as in furyeying | 


land, 


— 0 18 a [| — 
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land. This being done, they meaſure the depths in 
different places of the different places of the Pit, and 
ſet them down upon the plot, as you fee is done in the 
annexed 2 This being finiſhed the content is 


found by the following 
＋ O 
142-5 77 
ON Fu 
. A 3 - 
=. 
1 AW 
2 0 WV 2 
W 
9 ＋ 
Fi 11 
. 
| A Rog | 
© * þ 5 | 
& 
— ON | 
* 
RULE. 


Find the ſuperficial area of the ſeveral triangles, tra- 
peziums, &c. and multiply the area of each by its 
mean depth; and the ſum of all theſe, divided by the 
proper diviſor, will give the content of the whole pit. 


. EXAMPLE. 


Suppoſe the content of the marle pit, repreſented in 
the above figure, and of the dimenſions ſet down on 
the reſpective lines, &c. was to be meaſured ; how 
many ſolid. rods will it contain ; and what will the ex- 

TE | | pence 
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r amount to at nine teen ſhillings and fix pence the 

- 
N. B. The numbers that expreſs the depths, have A 
lines drawn either over or under the figures. 


) or Ace n 
Firſt, For the angie SER Ar 


— | 4 
Second, For the triangle ACB 
f Depths. 
A C=51. 15.8 
RZ 2. 5. o 


3090 2.1 
1030 3122.9 
Area 133-90 11.6 Mean depth. 
7. | * : a 8 
8034 
E * 


2917:54 Content. of FR 


— — 
ou p 
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— — — —õ —᷑ 


or MEASURING. 
Third, For the trapezium AC EF. 
Depths. 
AE=7o CH=30.5 16.8 
OO CF=35.5 15.8 
210 Sum 66,0 14.7 
_210 2 dum 33- 11.3 
Area 2310 | 10. 6 
10.3 9.4 
6930 5 
23100 74 


Content of ACEF =23793 


B= 1017. 64 
CED= 1388.5 


172826196. 14]15-159 | 


+ As 


1388 


ES 


hs Rod: : 195, 6d.=9750. : ; 3 15.159 


— Om ey 
— 9 — —2 21 — = 
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Anſ. The content of the Pit is 15.1 59 rods; and 

the expence 14/. 155. 7d. | 
Diſeip. Does not the ſurface of the marle lie at 

ſome diſtance below the ſurface of the ground; and if 


ſo, 1s the depth to be taken from the ſurface of the 
ground, or from the ſurface of the marle ? | 


Philo. There are few inſtances where the upper 


layer or ftratum of the marle is not below the ſurtace 
ot the ground; it is often found at about two feet be. 
low the ſurface: but whatever the depth of the earth 
may be, it is never conſidered in meaſuring the pit; 
the depths are taken from the ſurface of the marle to 
the bottom of the pit, without the leaſt regard to the 
earth, or mould above it, - 


CHAP. VIII. 
Of meaſuring Hay Ricks. 


| ISCIP. Is it poflible to find the quantity of hay 
D contained in a rick by menſuration? 
Philo. It is, perhaps, impoſſible to find the true con- 
tent of a ſtack of hay, becauſe one rick of hay may 
contain more loads than another of the ſame dimen- 
ſions, according to the goodneis of the hay, and the 
care taken in laying it up. But though accuracy muſt 
not be expected, yet a very good eſtimate may be made, 
and the value of a ſtack of hay in ricks computed very 
near the truth. . 

Diſcip. What methods muſt be taken to compute the 
contents of hay-ricks ? | 
_ Phils. The dimenſions muſt be carefully taken in 
feet and inches, &c. and the content of the ſolid com- 
puted by fome of the foregoing rules already laid down 
in this treatiſe; for this content divided by the num- 
ber of ſolid feet in à load, will give the number of loads 
contained in the rick, | 
Diſcip. Is it known how many ſolid feet make a load 
of hay? | 


Phils. 


or MEASURING. $6: 


Philo. The preciſe number cannot always be known; 
and this renders it impoſſible to compute the number 
of loads contained in the rick. For could this 
number be known, the content of a hay-ſtack in 
loads, might be computed with ſufficient accuracy. 
A load of hay contains 36 truſſes, each truſs 
weighing 56 pounds, or half a hundred weight; fo 

that 13 hundred weight is a load of hay. But the 
contents of the truſſes are various; ſome of them 
containing near 14 ſolid feet, and others little more 
than 7, though both truſſes are of the ſame weight. 
However, if 10 or 11 folid feet be conſidered as a 
mean, the computation will not be far from the 
truth. Upon this foundation, a load of hay will 
contain about 360 or 409 ſolid feet. e 

When the number of ſolid feet in a truſs, or a 
load are determined, the content of the hay-ſtacks 
muſt: be found; and in order to this, the form of 


the ſolid muſt be conſidered. There will be no great 


difficulty in this, as all hay-ftacks ſtand either on a 
- rectangular or a circular baſe; and are compoſed of 


two tapering ſolids, whoſe content will be _— 
l 


found by the. rules already laid down. This wi 
ſufficiently appear, if the two forts of ricks be con- 
ſidered ſeparately, | 


— 


—— 
Do 
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1. Of the circular Hay-Rick. 
The figure in the 


margin repreſents a 
circular hay-rick; and 
it is ſufficiently evident 
from the figure, that 
the __ ſtack is 
compoſed of two taper- LA 
ing ſolids ABC, od OCONEE? 
ABDE. The upper A e 

is a cone, _ > 
upon its proper baſe; 
and the latter, a fruſ- 
tum of a cone, ſtand- — 

ing upon its leſfer baſe. = F. 
But the ſolid content 


of the cone ABC, is eaſily found by the rule laid 


down page 145: and that of the fruſtum AB D E, 
by either of the rules mentioned page 157. Hence 
the content of the whole may r found. And 
this content divided by 360, or 400, according as 
the hay has been well or ill made, will give the num- 


ber af loads required. 


Ex AMP LE I. 


Let it be required to find how many loads of hay 
are contained in the above rick, ſuppoſing the dia- 


meter of the thickeſt part of the rick AB; zo feet 


6 inches, the perpendicular height of the cone 
ABC 20 Feet 3 inches; the leſſer diameter DE 
of the fruſtum AB D E. 24 feet 9. inches, and its 
perpendicular height 8 feet. 


D 


„ 
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1: For the upper Solid. 
ation. See Page 145, 145. 
30.5 
1525 | | 
912 | | 
930.25 Square of AB. | 
2854 | 


+» 
Oo 
lg 
— 
Id 
Wn 


730.618350 Area of the Baſe. 
6.75 One 3d of the Height, 
365309175 - 
$11432845 | 
4138371010 | 
4100)4931.6738625(12.3291846 Loads. = | 


9 Mi 
= - 2 


8 : 


1404  Tuz WHOLE ART 


2. For the lower Solid. 
Operation, Sce Rule 2, Page 157. 


24-75 
30.5 
12375 
74250 
754-375 __ 
_10.594 Add. 
765.469 
.- 7084. 
3061875 
3827345 
123752 
3283 5 
601.1993525 
8 8 


4⁰⁰ 4809.294208) 
12. 0230870 
12. 3291845 Cone. 
12. 0239870 Fruſtum. 
24.353171 Loads. 


Anf. 24 Loads, 1 Quarter, and a Half, early. 


Ex AMPLE II. 


How many Loads of Hay are contained in a cir- 
cular Hay-rick, whole largeit Diameter is 60 Feet, 
its leſſer 40; the Perpendicular Height of the Upper 
S lid 56 Feet, and that of the lower 20 Feet: and 
what will the Whole amount to at 21. 55. per Load? 


 Optra- 


F MEASURING. 


OPERATION. 


25200 
2827. 44c0 Area of the Baſe. 


16.66 One third Height. 


1696464 
1696464 
1696464 
282744 


77105. 1504 Content upper Solid. 


"Go 
40 
2400 


133.33 Ad. 


2533.33 
284 
1013332 
1266605 
_— 
D 
3 1989. 677382 | 
20 


306 


39793. 547640 Content lower Solid. 


8 4 105. 1504 Upper Solid. 
| 40086898. 608 (4 
217. 24674 Loads. 


_ 


— — — 
u — V IOR 
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As 1 Load 2l. 5s. =2.25) : : 217.24674 : 


2:55 
108623370. 


43449348 
43442348 
Cs. 1650 

20 


7 16,103300 
12 


d 1.2396 


Anſ. The Content of the Rick is 217. 24674 or 
ſomething more than 217 Loads, and the value 
488ʃ. 16s. 1d. | 
Diſcip. Is this the Method generally 22 in 
meaſuring Hay- ſtacks of a circular Figure! | 
_ Phila. f do not remember to have ever ſeen any 
Method practiſed: experience is the general Guide 
and the — of Hay- ſtacks are commonly gueſſed 
7 — thoſe who have been long converſant in Huſ- 
bandry. 

Diſcip. This muſt ſurely be a very precarious Me- 
thod; and I ſhould imagine that a Stack of Hay 
valued by Menſuration, muſt. be far nearer the 


Truth, than that which is only gueſſed at by the 
moſt experienced Farmer. But I am ſorry I have 


interrupted you with theſe impertinent Queſtions. 


Philo. I am always ready to fatisfy any doubt that 
may ariſe in your Mind ; and will now proceed to the 
other Kind of — 

e 


-ricks ; that is, ſuch as ſtand upon 
a rectangular Ba . e 


The 
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'The Figure ABC 
D E, placed in the 
Margin, repreſents a 
Hay-rick ſtanding up- 
on a rectangular Baſe; 
and is compoſed of two 
Solids : the upper AB 
C is a Priſm; the 
lower AB D E, an ir- 
regular Solid having its 
Baſes parallel but une- 
qual, its two Sides 
equal but not parallel, 
and the Lengths, or . | 
diſtances, between its two Baſes alſo unequal. The 


Content of the upper Solid may be found by the Rule 


given in Page 142, and the latter eaſily reduced to 


a parallelopiped, and the Content found by the Me- 
thod laid down, Page 132, | | 


ExAMPLIE I. 


A Farmer ſells, at 435 Shillings a Load, a rectan- 
gular Rick of Hay of the following Dimenſions ; the 
cater Baſe A B is 36 Feet, the feſſer Baſe D E 24 
; Fg the greater Length, meaſured from A. and B 
80 feet, the lefler, or that meaſured from D and E 
2 Feet; the Perpendicular Height of the lower 
olid ABDE 20 Feet, and that of the upper ABC 
28 Feet: What will the Whole amount to 


1. Upper Solid. 


36 Baſe AB 
— ug Half Perp. 


80 Length. 
49320 Content. 


LY 
my — 
.. wn ns = REPT,5 I — 


. . 
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2. Lower Solid. 


In order to find the content of the lower ſolid 


AB DE, you muſt find a mean baſe, by multiplying 
the two bales 4 and extracting the * root 
out of the product; a mean length muſt alſo be 


found in the ſame manner. The ſolid will then be 
reduced to a paralleiopiped, and the content found by 


the rule, page 132. | 
By purſuing this method the mean baſe will be 
29.39, and the mean length 75.9. Then 
| 29.39 Mean Baſe, 
29-39 
20451 
817 
26451 
5878 
863.7721 . | 
. : 23-0 Mean Length. 
77739489 
43188605 


60404047 _ 
_ 65560.30229 Content. 


40320 Upper Solid. 
65 560.3, &c. Lower. 
400010588. 3) 264.7 Loads. 


As 


As 
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As 1 Load: 1. 15s. (=1.75) :: 264-7 : 
1-75 

13235 


Anf. 4631. 45. 64. 


E XAMPLE II. 


A gentleman purchaſes of a farmer for 370/. a rec- 
tangular rick of hay of the following dimenſions ; the 
greater baſe 40 feet, the leſſer 30; the greater length 
70 feet, the leſſer 60; the perpendicular height of 
the lower ſolid 20 feet, and ſ 
he pay per load ? 


he upper 30; what did 


1, Upper Solid. 
40 Baſe, 
15 Half perp. 
40 
| boo 
70 Length. 
42000 


R 2, wn 
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2. For the lower ſolid. 
34.64 Mean baſe, 
24.64 
13856 
20784 
13866 
t0392 
1199.9296 
64.8 Mean length. 
959947368 
47997184 
22225 
77755-43808 Content. 


42000 Upper ſolid. 
72755:435 Under. 
4'00)119755 my 3( 299.498. 


39 
39 ; 
42 
E ct 
* . 
12 
95 
. 34 
32 
Loads * 2. 2. | >, 
As 299.398: ' 4330.3: 5:4 5 3 
Anſ. 'ne content of the rick 13 2.335 5 loads 


. 
Sn 
—» 
3 
— 
by 
[—— 


the prace per load 1. 45. . 8. = 
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Of meaſuring badies, whzſe cintents cannot be found ty any 
of the foregoing rules. 


Diſcip. RE there any bodies whoſe ſolidity cannot 
| be found by the common methods of 
menſuration ? 
Phils. Yes, ſeve al: as ftatues, and other pieces of 
ſculpture, furze-faggots, &c. 

Diſcip. By what method can the ſolid content of 
bodies of this kind be accurately known ? 

Philo. By a very eaſy method: it is this; let a veſſel 
in the form of a parallelopiped be formed of ſuffi. ient 
capacity to contain the body, whoſe ſolidity is deſired. 
Pour into this veffel as much water as will be ſufficient 
to cover the body when placed in the veſſel, and note 
the height of the water exactly: Immerſe the body, and 


note how high the fluid has riſen: for the ſolid content 


ef the additional ſpace, occupied by the water, on ac- 
count of the immer ſed body, Will. be cqual to the ſolidity 
ot that body. 10 55 


ET AMI L 


Suppoſe a parallelopipt d to be formed, whoſe length 
is 7 feet, and its breadth 3 feet 6 inches; and that. a 
ſtatue being immeried in a ſuflicient quantity of water 
in this veſlel, raiſes the fluid 1 foot 6 inches; what is 
the ſolid content of that ſtatus? | 


* — . —„— SRxr5rSs — 
1 — * wy , Nn 4 . * 
wy -- > SS „b — CY ths. DA HEE x — — — _ 


| 


| 
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| 3.5 Breadth 
7 Length. 
25 . 3 
1.5 Riſe of the water. 
12256 | 


24. 
26.75 Solidity. 


Anſ. 36. 75 feet, or 36 feet g inches. 


ExamPLE II. 
Suppoſe a large furze-faggot was 1 | in the 


fame veſlel, and the rile of the water was ſound to be 1 
inch, what is the ſolid content ? 5 


3.5 Breadth, 
2 Length. 


8 | 
033 Riſe of the water. 
2.0325 Content. 
F 
4 table of Engiih meaſures, Ec. 


Philo. Ir. is not my intention to give you here the 
common table of Engliſh Meaſures; but 


- ſuch only as may be uſeful in Menſuration. 
A Palm is 3 inches. OR. 
A Hand is 4 inches. 
4 Span is q inches. 
A Square Hot is 144 ſquare inches. 
A Cubic foot is 1728 cubic inches, 
A Cubit is 1 foot 6 inches. 
A Square yard is g {quare feet. 
A Comet yard 1 is 27 Cubic feet. 


— 2 . — — — 


WWW 


An 


2 
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An Ell is i yard and g inches. 

A Geometrical pace is ; feet, 

A Fathom is 6 feet. : . 

A Statute pole, rod, or perch is 16 feet and a half. 
Gunter's chain is 4 ſtatute poles, or 22 yards. 

A Fen, or Woodland pole is 18 feet. N 

A Foreſt pole is 21 feet. 

A Furlong is 40 poles, or 220 yards. 

A Mile is 8 furlongs, or 1760 yards. 

A Square ſtatute pole is 272.25 ſquare feet. 

A Square woodland pole is 324 ſquare feet. 

A Square foreſt pole is 441 feet. Es 

A Rood is 40 ſquare poles, or 1 quarter of an acre, 
An acre 160 ſquare poles. 
A Load of rough timber is 40 feet. 
A Load of ſquared timber is 50. 

A Load of 1 inch plank is 600 ſquare feet. 


A Load of 14 inch plank is 400 ſquare fett. , 5 


:\ Load of 2 inch plan is 3oo ſquare feet. 

A Load of 24 inch plank is 240 ſquare feet. 

A Load of 3 inch plank is 200 ſquare feet. 

A Load of 34 inch plank is 8 feet. 
A Load of 4 inch plank is 150 feet ſquare. 

A Chaldron of Newcaſtle coal is 60 cubic feet. 
A Wincheſter buſhel is 2150.4 ſolid inches. 


"203-1 


When the buſhel is heaped up, the content is in- 
e 


Proportion to that of the ſame bu 


| when ſtruck as 


4 to 3. Therefore the conical heap is one third of tlie 


cylindrical content, or 216.8 ſolid inches. 


None 
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2 
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CBA . XL 


Of the plain | ſcale, the manner of conſtrufing the ſeveral 
lines upon it, and the wſes it is generally applied to in 
the various branches of mathematical computation. 


Diſcip. WE: do you mean by a plain ſcale ? 

i * Phils, A plain ſcale, is a thin piece of 
braſs, ivory, or wood, generally about 12 inches long, 
and x inch and a halt broad; on which various lines 
are projected, for the menſuration of angles, heights, 
diſtances, &c. . EN 

Diſcip. Why is it called a plain ſcale ? 
Philo. Becauſe the lines projected upon it are ſuch- 
as naturally reſult from a circle, without having re- 
courſe to any artificial numbers, &c. 
Diſcip. What are the lines generally placed on a- 
plain ſcale? 
Philo. A great variety of lines may be projected for 
this purpoſe, and all of them have their uſes; but the 
molt general are, a line of chords, of lines, of tangents, 
of fecants, ſemi-tangents, and equal parts. 
Diſcip. How are thoſe lines projected? 5 
Philo. They are all graduated from the circle, in a 
very natural manner. But in order to render this uſe- 
ful part of mathematical conſtruction as plain and caſy. 
as poſſible, I ſhall conſider each line ſeparately, and 
ſhew how each of them may be projected, and conſe- 
quently, the plain ſcale completely ſiniſhed by the 
meaneſt capacity. But it will be neceſſary previouſly 
to obſerve, that the circumference of every circle is 
ſuppoſed to be divided into 360 equal parts, called 
degrees; and each degree into 60 equal parts called 
minutes; and each minute into 60 equal parts called 
ſeconds, &c. = = 


q A 0 


— 
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Of the plain | ſeale, the manner cenſtructing the. ſeveral. 
lines upon it, and the wſes it is generally applied to in 
the various branches of mathematical computation. 


Diſcth. HAT do you mean by a plain ſcale ? 

op W Philo. A plain ſcale, is a thin piece of- 
braſs, ivory, or wood, gencraily about 12 inches long, 

_ and i inch and a halt broad; on which various lines 

are projected, for the menſuration of angles, heights, 
diſtances, cc. | 

Diſcip. Why is it called a plain. fcale ? | 

Philo. Becauſe the lines projected upon it are ſuch- 


as naturally reſult from a circle, without having re- 


courſe to any artificial numbers, &c. | 
Diſcip. What are the lines generally placed on a- 
plain ſcale? | | | 
Philo. A great variety of lines may be projected for 
this purpoſe, and all of them have their uſes; but the 
molt general are, a line of chords, of fines, of tangents, . 
of fecants, ſemi-tangents, and equal parts. 
Diſcip. How are thoſe lines projected: | 
Philo. They are all graduated from the circle, in a 
very natural manner. But in order to render this uſe- 
ful part of mathematical conſtruction as plain and caſy-. 
as poſſible, I ſhall conſider each line ſeparately, and 
ſhew how each of them may be projected, and conſe- 
quently, the plain ſcale completely ſiniſhed by the 
meaneſt capacity. But it will be neceſſary previouſly 
to obſerve, that the circumference of every circle is 
_ ſuppoſed to be divided into 360 equal parts, called 
degrees; and each degree into 60 equal parts called 


minutes; and each minute into 60 equal parts called 


ſeconds, & c. 


1. Of | 


bad — FIT — 
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1. Of the line of chords. 


The chord, or ſubtenſe of an arch, is a right line 
eonnecting the extremities of the arch together, and 
has been already defined, page 31. If, therefore, the 
ſeveral degrees of the quadrant, or quarter of a circle, 
be transferred to a right-line, drawn from one extre- 
mity of the quadrant to the other, that line will be a 

line of chords. | | 

In order to- explain this deſcription of a line of 
chords, place one foot of the compaſſes in the center C 
(ſec the figure on page 314.). and with any convenient 
radius, deicribe the ſemi-circle ADB, and divide it 
into two cqual parts or quadrants, by the line CD. 
Divide the arch of the quadrant into g equal parts, 
and number theſe diviſions with 10, 20, 30, 40, &c... 
from A to D, as you fee in the figure. Then will each 
ofthele diviſions contain io degrees: ſubdivide each of 
theſe diviſions into 10 equal parts; ſo will the whole 
quadrant be divided into go degrees. But as theſe ſub-= 
diviſions would have been ſo very cloſe together in the 
fgure annexed, as to have rendered the whole confuſed, 
they are omitted. The arch being thus divided draw 
the right-line AD, from A, the one extremity of the 
arch, to D the other. Place one foot of the compaſſes 
in A, and extend the other to 10 on the arch, 
and transfer that diſtance to 10 on the right-line : 
that is, keep on? of the points of the compaſſes firm on 
the point A, and with the other ſweep a {mall arch, 
till it touches the right-line A D. Do the ſame by ail 
the reſt of the diviſions, 20, 30, 40, &c. Keeping one 
of the points ſtill fixed on the point A. By this means 
the equal diviſions of the arch will be transferred to the 
right-line, where they will become unequal; and 
the line AD divided in this manner, will be a line of 
chords. | | „ 1 

You muſt not imagine that a line of chords projec- 
ted from a circle of ſo ſmall a radius can be of any real 
uſe in practice: The radius of the circle muſt * much. 

| | l r 
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lar r, that there may be a proper ſpace between the 
diviſions on the line when finiſhed ; otherwiſe it will 
be impoſſible to meaſure or conſtruct any angle with 


ſufficient accuracy. The foregoing figure was added 


merely to explain the manner of conſtructing the ſe- 
veral lines on the plain ſcale; and not by any means 
to ſerve as an example with regard to its magnitude. 


2, Of the line of ſines. 


From the points of the ſeveral diviſions 10, 20, 
zo, &c, of the quadrantal arch AD, draw lines 
parallel to D C, till they cut the radius AC, then 
will the right-line CA be a line of fines. And if we 

ſuppoſe the arch AD, to be divided into go equal 
parts, and that lines parallel to DC be drawn from the 
ſeveral points of thoſe diviſions, the line CA will be 
divided into a line of fines, anſwering to every ſingle 


degree of the quadrant, and which muſt be numbered 


from C towards A. 

N. B. If the line AC, divided as before, be num- 
bered from A towards C, you will have aline of verſed 
ſines, defined page 31. 4 


3. Of the line of Tangents. 
From A, the extreme point of the arch, raiſe the per- 


pendicular AE; and from the center C, through the 
ſeveral diviſions of the quadrant AD, draw lines till 


they cut the tangent AE (ſee page 31.) fo then will the 
line AE, become a line of tangents, and muſt be num-- 
bered from A towards E. Butas the diſtances between. 


the diviſions become very large, as they approach to- 
wards go degrees, the tangent line is continued no far- 


ther than 70 degrees, in order to keep it within a con- 


venient length. * 


4 Of 
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4. Of the line of Secants. 


The ſecant of any arch has been already defined, 
page 31. and conlequently the lines drawn from the 
center C, through the ſeveral diviſions of the quadrant 
Ad, to divide the line of tangents, are the ſecants ef 


their reſpective arches : If therefore, their lengths be 


transferred to the line C D, continued to F, the line 
CF will be a line of ſecants; and muſt be numbered 
from C towards F. | | 

After the ſame manner may the lines of fines, tan- 
gents, and ſecants, be — 
the quadrant, provided the radius be large enough to 
admit of the arches being divided into the requiſite 
number of equal parts. | 


5. Of the line of Semi-Tangents. 
The line of ſemi-tangents is ſo called from tha 
lengths of the ſeveral diviſions, being equal to the re- 
ſpective tangents of half that number of degrees. 
'Fhat is, the length. of the ſemi-tangent of go 


degrees, is equal to the tangent of 45 degrees; 


the length of the ſemi-tangent of 80 is equal to the 
tangent of 40, &c, This being premiſed, the line is 
eaſily projected in the following manner: lay a ruler 
from the point B, to the ſeveral diviſions ofthe quadrant 
AD, and mark where it cuts the line CD ; for theſe 
divifions on. C D. will be the ſemi-tangents of their 
reſpective arches; and conſequently the line CD will 


be a line of ſemi-tangents, and muſt. be numbered: 


trom C towards D. 


6. Of the- line of Rhumbs, or Rumbs. 


By the term rhumbs are meant the points of the 
Mariner's Compaſs, which is divided into 32 equal 
parts: conſequently each quadrant of the circle con- 
tains eight of thoſe points or rhumbs; and the interval 
between them is equal to 11 degrees, 15,minutes . = 


ed to every minute of 


6 as. aca. A mot. 
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11 degrees, 15 minutes, multiplied by 8 is equal to go, 


the number of degrees contained in a quadrant of a 
circle. The line of rhumbs is therefore projected in 
the following manner: | 
Divide the quadrantal arch BD into 8 equal parts; 
and draw the right-line B D, from one extremity of 
the arch to the other. This being done, transfer the 
ſeveral diviſions of the arch to the right-line: That is, 
place one foot of the compaſſes in the point B, and ex- 
tend the other ſucceſſively tothe ſeveral diviſions of the 


quadrant, and with theſe extents, draw ſmall arches 


till the other foot touches the line B D : then will that 
line thus divided be a line of rhumbs, which muſt be 
numbered from B towards D. 

Diſcip. You mentioned the mariner's compaſs in 
explaining the method of conſtructing the line of 
thumbs; I ſhould be glad if you would give me ſome 


account of that inſtrument, becauſe othcrwiſe I ſhall _ 


know very little of this line. 15 
Philo. The mariner's compaſs is the inſtrument by 
which the ſhip is ſteered, and repreſents the horizon, 
It is divided into 32 equal parts called rhumbs or points, 
by lines drawn from the center to the circumference ; 
and the outer circle into 360 degrees. Upon this part, 
and directly on the north and ſouth line, is faſtened a 


{quare bar of ſteel, which, being touched with a load- 


ſtone, acquires a certain virtue, whereby it always 
| hangs nearly under the. meridian, when the whole is 


larly under the center in a box for that purpoſe. 


7. Of the line of aqua Parts. 


This line is eaſily divided when it is determined how 
many of theſe parts the radius is to contain. If the 
icale be intended for the purpoſes of navigation, it 
thould be divided into 60 equal parts; becauſe 60 geo- 
graphical miles makes a degree of longitude on the 
Equator; and as the length of a degree of longitude in 


any parallel, is to the length of a degree of the cquator, 


* 


3 on the point of a needle, placed perpendicu- 


| 
| 
| 
! 
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as the co-fine of the latitude is to radius; therefore 
the length of a degree on any parallel may be eaſily 
meaſured by it. But as this ſcale is not confined to 
navigation, I have divided the radius, or C B, into 100 
equal parts. | | 


Uſe of the plain Scale. 


This ſcale is of great uſe in every branch of the ma- 
thematics, where there is a neceſſity for laying down 
and meaſuring angles, &c. 

I have ſhewn the method of graduating a plain and 

diagonal ſcale of equal parts, page 50, 51, &c. and 
their uſes in ſurveying land; and thal! now ſhew the 
uſe of the ſcale juſt deſcribed, in projecting and mea- 
ſuring any of the parts of a triangle, when a ſufficient 
number of theſe parts are given, =. 
For it is neceſſary, before any queſtion can be ſolved, 
that proper data be given, or found by actual menſu- 
ration; and theſe data are what I called the given parts 


of a triangle. It is impoſſible, for inſtance, to find 


the area of a ſquare, unleſs the fide, or ſomething ana- 


| Jogous to it, be given; the ſame may be ſaid of a 


triangle, or any other geometrical figure. 


Di/cip. You have fully explained the difficulty; and 
I beg you will now proceed to the menſuration of the 


ſeveral parts of a triangle. — 
Phils. A triangle is compoſed of three ſides and three 
angles; when one of the angles is juſt go degrees, 
it is called a right-angled triangle; but if neither of 
the angles be a right one, it is called an oblique-angled 


triangle. 23 0⁰ G9 
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The figure below is a right-angled triangle; becauſe 
1e angle at B, or ABC, which is meaſured by the 
rch cd, is equal to go degrees. The line AB is called 


C 


T 
the baſe, BC the perpendicular, and AC the hypothe- 
aſe. The angle at A is meaſured by the arch ab, 
ind that at C by the arch /. . 

It is demonſtrated by geometrical writers, that the 
hree angles of any right-lined triangle are equal to 180 
legrees. But one of the angles of a right - angled 
triangle is equal to go degrees; therefore the ſum of 
he other two angles is equal to go degrees; conſe- 


2 if one of theſe angles be given, the other will 
de eaſily found, by ſubſtracting the given angle from 
o degrees. | 


This being premiſed, it will be eaſy to project and 
neaſure any of the parts of a right-angled triangle, if 
ꝛither the baſe, perpendicular, or hypothenuſe, toge- 

her with one of the oblique angles be given. 


EXAMPLE. 


. the baſe AB, be 80 yards, and the angle at 
A 35 deg. and let it be required to project the angle 
BAC, and meaſure the perpendicular BC, and the 
aypothenuſe AC. 88 : 


- SoLU- 
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| SOLUTION, $57 

Draw the right-line AB; take 80 equal parts from 
your ſcale, and ſet them off from A to B. On the 
you B erect the perpendicular BC. Take 60 deg, 
rom your line of chords, and ſetting one foot af 
the compaſſes in A, ſweep the arch ba, and ſet of 
on it 35 deg. from b to 4. Lay a ruler on the point 
A, a, and draw the right-line A C, till it cuts the per. 


pendicular in C. Then is the triangle conſtructed, 


and both the perpendicular B C, and the hypothenuſe 
may be 1 by taking the length of each ſuc. 
ceſſively between the points of the compaſſes, and ap. 
plyin g it to the ſame ſcale of equal parts, from whence 
AB was taken. 

The above Solution will be ſufficient to ſhew the 
method of conſtructing a triangle, and meaſuring its 


ſeveral parts. It is alfo evident from the figure that if 
Ag be conſidered as the radius, and the arch B g be 
drawn, that BC will be the tangent of the angle at A 


and AC its ſecant. If CB be ſuppoſed to be the radius, 
BA will be the tangent of the angle at C and CA 
its ſecant. But if AC be ſuppoſed the radius, then will 
AB be the fine of the angle at C, and CB, the fine of 
the angle at A. 
Theſe few obfervations will be ſufficient to point ou 
the uſes of the plain ſcale, in the doctrine of triangles, 
on which moſt of the mathematical ſciences depend. 
If BC repreſent a tower, tree, &c. and you meaſure 


the baſe AB, and take the angle at A, with ſome 
proper inſtrument, the triangle may be eaſily projec- 
ted, and the height of the object meaſured on the ſcale 
of equal parts, from whence AB was taken. Some 


examples of this are given in page 97, 98, &c, 
Thus have I conducted you 8 part of 
what is generally called menſuration; and ſhall now 
leave you to put theſe precepts in practice. On ſome 
future occaſion, perhaps, I may inſtruct in other 


you 
branches of the ics, in the ſame eaſy and fa- 
Wiliar manner. 25 or '62. N ; 


